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ORGANIZATION  AND  SCOPE  OF  THE  INSTITUTION 

The  Carnegie  Institution  of  Washington  was  founded  by  Andrew  Carnegie 
on  January  28,  1902,  when  he  gave  to  a  board  of  trustees  an  endowment  of 
registered  bonds  of  the  par  value  of  ten  million  dollars.  To  this  fund  he  added 
two  million  dollars  on  December  10,  1907,  and  ten  million  dollars  on  January 
19,  1911.  In  addition,  the  income  of  a  reserve  fund  of  about  three  million 
dollars,  accumulated  in  accordance  with  the  Founder's  specifications  in  1911, 
is  now  available  for  general  use,  and  a  further  gift  of  five  million  dollars  to  the 
endowment  fund  has  been  authorized  by  the  Carnegie  Corporation  of  New 
York  to  be  received  at  the  rate  of  one  million  dollars  a  year,  beginning  in 
1927.  The  Institution  was  originally  organized  under  the  laws  of  the  District 
of  Columbia  and  incorporated  as  the  Carnegie  Institution,  but  was  rein- 
corporated by  an  act  of  the  Congress  of  the  United  States,  approved  April  28, 
1904,  under  the  title  of  The  Carnegie  Institution  of  Washington. 

Organization  under  the  new  Articles  of  Incorporation  was  effected  May  19, 
1904,  and  the  Institution  was  placed  under  the  control  of  a  board  of  twenty- 
four  trustees,  all  of  whom  had  been  members  of  the  original  corporation.  The 
Trustees  meet  annually  to  consider  the  affairs  and  problems  of  the  Institution, 
and  to  make  necessary  appropriations  for  the  ensuing  year.  During  the 
intervals  between  meetings  of  the  Trustees  the  affairs  of  the  Institution  are 
conducted  by  an  Executive  Committee  chosen  by  and  from  the  Board  of 
Trustees  and  acting  through  the  President  of  the  Institution  as  chief  executive 
officer. 

The  Articles  of  Incorporation  of  the  Institution  declare  in  general  that  the 
objects  of  the  corporation  shall  be  "to  encourage  in  the  broadest  and  most 
liberal  manner  investigation,  research,  and  discovery,  and  the  application  of 
knowledge  to  the  improvement  of  mankind."  Three  principal  agencies  to 
forward  these  objects  have  been  developed.  The  first  of  these  involves  the 
formation  of  departments  of  research  within  the  Institution  itself  to  attack 
large  problems  which  require  the  collaboration  of  several  investigators,  special 
equipment  and  continued  effort.  The  second  provides  means  whereby 
individuals  or  groups  of  investigators  may  undertake  and  carry  to  completion 
investigations  requiring  less  special  equipment.  The  third  agency  aims  to 
provide  adequate  publication  of  the  results  of  research  coming  from  the  first 
two  and,  to  a  limited  extent,  for  worthy  works  originating  outside  the  Insti- 
tution. 
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Public  No.  260. — An  Act  To  incorporate  the  Carnegie  Institution  of 

Washington 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
Stales  of  America  in  Congress  assembled,  That  the  persons  following,  being 
persons  who  are  now  trustees  of  the  Carnegie  Institution,  namely,  Alexander 
Agassiz,  John  S.  Billings,  John  L.  Cadwalader,  Cleveland  H.  Dodge,  William 
N.  Frew,  Lyman  J.  Gage,  Daniel  C.  Gilman,  John  Hay,  Henry  L.  Higginson, 
William  Wirt  Howe,  Charles  L.  Hutchinson,  Samuel  P.  Langley,  William 
Lindsay,  Seth  Low,  Wayne  MacVeagh,  Darius  O.  Mills,  S.  Weir  Mitchell, 
William  W.  Morrow,  Ethan  A.  Hitchcock,  Elihu  Root,  John  C.  Spooner, 
Andrew  D.  White,  Charles  D.  Walcott,  Carroll  D.  Wright,  their  associates 
and  successors,  duly  chosen,  are  hereby  incorporated  and  declared  to  be  a 
body  corporate  by  the  name  of  the  Carnegie  Institution  of  Washington  and 
by  that  name  shall  be  known  and  have  perpetual  succession,  with  the  powers, 
limitations,  and  restrictions  herein  contained. 

Sec.  2.  That  the  objects  of  the  corporation  shall  be  to  encourage,  in  the 
broadest  and  most  liberal  manner,  investigation,  research,  and  discovery, 
and  the  application  of  knowledge  to  the  improvement  of  mankind;  and  in 
particular — 

(a)  To  conduct,  endow,  and  assist  investigation  in  any  department  of 
science,  literature,  or  art,  and  to  this  end  to  cooperate  with  governments, 
universities,  colleges,  technical  schools,  learned  societies,  and  individuals. 

(b)  To  appoint  committees  of  experts  to  direct  special  lines  of  research. 

(c)  To  publish  and  distribute  documents. 

(d)  To  conduct  lectures,  hold  meetings  and  acquire  and  maintain  a  library. 

(e)  To  purchase  such  property,  real  or  personal,  and  construct  such  build- 
ing or  buildings  as  may  be  necessary  to  carry  on  the  work  of  the  corporation. 

(f)  In  general,  to  do  and  perform  ail  things  necessary  to  promote  the 
objects  of  the  institution,  with  full  power,  however,  to  the  trustees  herein- 
after appointed  and  their  successors  from  time  to  time  to  modify  the  con- 
ditions and  regulations  under  which  the  work  shall  be  carried  on,  so  as  to 
secure  the  application  of  the  funds  in  the  manner  best  adapted  to  the  con- 
ditions of  the  time,  provided  that  the  objects  of  the  corporation  shall  at  all 
times  be  among  the  foregoing  or  kindred  thereto. 

Sec.  3.  That  the  direction  and  management  of  the  affairs  of  the  corpora- 
tion and  the  control  and  disposal  of  its  property  and  funds  shall  be  vested 
in  a  board  of  trustees,  twenty-two  in  number,  to  be  composed  of  the  follow- 
ing individuals:  Alexander  Agassiz,  John  S.  Billings,  John  L.  Cadwalader, 
Cleveland  H.  Dodge,  William  N.  Frew,  Lyman  J.  Gage,  Daniel  C.  Gilman, 
John  Hay,  Henry  L.  Higginson,  William  Wirt  Howe,  Charles  L.  Hutchinson, 
Samuel  P.  Langley,  William  Lindsay,  Seth  Low,  Wayne  MacVeagh,  Darius 
0.  Mills,  S.  Weir  Mitchell,  William  W.  Morrow,  Ethan  A.  Hitchcock,  Elihu 
Root,  John  C.  Spooner,  Andrew  D.  White,  Charles  D.  Walcott,  Carroll  D. 
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Wright,  who  shall  constitute  the  first  board  of  trustees.  The  board  of  trus- 
tees shall  have  power  from  time  to  time  to  increase  its  membership  to  not 
more  than  twenty-seven  members.  Vacancies  occasioned  by  death,  resigna- 
tion, or  otherwise  shall  be  filled  by  the  remaining  trustees  in  such  manner  as 
the  by-laws  shall  prescribe;  and  the  persons  so  elected  shall  thereupon 
become  trustees  and  also  members  of  the  said  corporation.  The  principal 
place  of  business  of  the  said  corporation  shall  be  the  city  of  Washington,  in 
the  District  of  Columbia. 

Sec.  4.  That  such  board  of  trustees  shall  be  entitled  to  take,  hold,  and 
administer  the  securities,  funds,  and  property  so  transferred  by  said  Andrew 
Carnegie  to  the  trustees  of  the  Carnegie  Institution  and  such  other  funds 
or  property  as  may  at  any  time  be  given,  devised,  or  bequeathed  to  them, 
or  to  such  corporation,  for  the  purposes  of  the  trust;-  and  with  full  power 
from  time  to  time  to  adopt  a  common  seal,  to  appoint  such  officers,  members 
of  the  board  of  trustees  or  otherwise,  and  such  employees  as  may  be  deemed 
necessary  in  carrying  on  the  business  of  the  corporation,  at  such  salaries  or 
with  such  remuneration  as  they  may  deem  proper;  and  with  full  power  to 
adopt  by-laws  from  time  to  time  and  such  rules  or  regulations  as  may  be 
necessary  to  secure  the  safe  and  convenient  transaction  of  the  business  of 
the  corporation;  and  with  full  power  and  discretion  to  deal  with  and  expend 
the  income  of  the  corporation  in  such  manner  as  in  their  judgment  will  best 
promote  the  objects  herein  set  forth  and  in  general  to  have  and  use  all  powers 
and  authority  necessary  to  promote  such  objects  and  carry  out  the  purposes 
of  the  donor.  The  said  trustees  shall  have  further  power  from  time  to  time 
to  hold  as  investments  the  securities  hereinabove  referred  to  so  transferred 
by  Andrew  Carnegie,  and  any  property  which  has  been  or  may  be  transferred 
to  them  or  such  corporation  by  Andrew  Carnegie  or  by  any  other  person, 
persons,  or  corporation,  and  to  invest  any  sums  or  amounts  from  time  to 
time  in  such  securities  and  in  such  form  and  manner  as  are  permitted  to 
.trustees  or  to  charitable  or  literary  corporations  for  investment,  according 
to  the  laws  of  the  States  of  New  York,  Pennsylvania,  or  Massachusetts,  or 
in  such  securities  as  are  authorized  for  investment  by  the  said  deed  of  trust 
so  executed  by  Andrew  Carnegie,  or  by  any  deed  of  gift  or  last  will  and  testa- 
ment to  be  hereafter  made  or  executed. 

Sec.  5.  That  the  said  corporation  may  take  and  hold  any  additional  dona- 
tions, grants,  devises,  or  bequests  which  may  be  made  in  further  support  of 
the  purposes  of  the  said  corporation,  and  may  include  in  the  expenses  thereof 
the  personal  expenses  which  the  trustees  may  incur  in  attending  meetings  or 
otherwise  in  carrying  'out  the  business  of  the  trust,  but  the  services  of  the 
trustees  as  such  shall  be  gratuitous. 

Sec.  6.  That  as  soon  as  may  be  possible  after  the  passage  of  this  Act  a 
meeting  of  the  trustees  hereinbefore  named  shall  be  called  by  Daniel  C.  Gil- 
man,  John  S.  Billings,  Charles  D.  Walcott,  S.  Weir  Mitchell,  John  Hay, 
Elihu  Root,  and  Carroll  D.  Wright,  or  any  four  of  them,  at  the  city  of  Wash- 
ington, in  the  District  of  Columbia,  by  notice  served  in  person  or  by  mail 
addressed  to  each  trustee  at  his  place  of  residence;  and  the  said  trustees,  or  a 
majority  thereof,  being  assembled,  shall  organize  and  proceed  to  adopt  by- 
laws, to  elect  officers  and  appoint  committees,  and  generally  to  organize  the 
said  corporation;  and  said  trustees  herein  named,  on  behalf  of  the  corpora- 
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tion  hereby  incorporated,  shall  thereupon  receive,  take  over,  and  enter  into 
possession,  custody,  and  management  of  all  property,  real  or  personal,  of  the 
corporation  heretofore  known  as  the  Carnegie  Institution,  incorporated,  as 
hereinbefore  set  forth  under  "An  Act  to  establish  a  Code  of  Law  for  the 
District  of  Columbia,  January  fourth,  nineteen  hundred  and  two,"  and  to  all 
its  rights,  contracts,  claims,  and  property  of  any  kind  or  nature;  and  the 
several  officers  of  such  corporation,  or  any  other  person  having  charge  of 
any  of  the  securities,  funds,  real  or  personal,  books  or  property  thereof,  shall, 
on  demand,  deliver  the  same  to  the  said  trustees  appointed  by  this  Act  or 
to  the  persons  appointed  by  them  to  receive  the  same;  and  the  trustees  of 
the  existing  corporation  and  the  trustees  herein  named  shall  and  may  take 
such  other  steps  as  shall  be  necessary  to  carry  out  the  purposes  of  this  Act. 

Sec.  7.  That  the  rights  of  the  creditors  of  the  said  existing  corporation 
known  as  the  Carnegie  Institution  shall  not  in  any  manner  be  impaired  by 
the  passage  of  this  Act,  or  the  transfer  of  the  property  hereinbefore  men- 
tioned, nor  shall  any  liability  or  obligation  for  the  payment  of  any  sums  due 
or  to  become  due,  or  any  claim  or  demand,  in  any  manner  or  for  any  cause 
existing  against  the  said  existing  corporation,  be  released  or  impaired;  but 
such  corporation  hereby  incorporated  is  declared  to  succeed  to  the  obliga- 
tions and  liabilities  and  to  be  held  liable  to  pay  and  discharge  all  of  the  debts, 
liabilities,  and  contracts  of  the  said  corporation  so  existing  to  the  same  effect 
as  if  such  new  corporation  had  itself  incurred  the  obligation  or  liability  to 
pay  such  debt  or  damages,  and  no  such  action  or  proceeding  before  any  court 
or  tribunal  shall  be  deemed  to  have  abated  or  been  discontinued  by  reason 
of  the  passage  of  this  Act. 

Sec.  8.  That  Congress  may  from  time  to  time  alter,  repeal,  or  modify  this 
Act  of  incorporation,  but  no  contract  or  individual  right  made  or  acquired 
shall  thereby  be  divested  or  impaired. 

Sec.  9.  That  this  Act  shall  take  effect  immediately. 

Approved,  April  28,  1904. 


BY-LAWS  OF  THE  INSTITUTION 
Adopted  December  13,  1904.    Amended  December  13,  1910,  and  December  13,  1912. 


Article  I. 

THE   TRUSTEES. 


1.  The  Board  of  Trustees  shall  consist  of  twenty-four  members,  with 
power  to  increase  its  membership  to  not  more  than  twenty-seven  members. 
The  Trustees  shall  hold  office  continuously  and  not  for  a  stated  term. 

2.  In  case  any  Trustee  shall  fail  to  attend  three  successive  annual  meet- 
ings of  the  Board  he  shall  thereupon  cease  to  be  a  Trustee. 

3.  No  Trustee  shall  receive  any  compensation  for  his  services  as  such. 

4.  All  vacancies  in  the  Board  of  Trustees  shall  be  filled  by  the  Trustees 
by  ballot.  Sixty  days  prior  to  an  annual  or  a  special  meeting  of  the  Board, 
the  President  shall  notify  the  Trustees  by  mail  of  the  vacancies  to  be  filled 
and  each  Trustee  may  submit  nominations  for  such  vacancies.  A  list  of  the 
persons  so  nominated,  with  the  names  of  the  proposers,  shall  be  mailed  to  the 
Trustees  thirty  days  before  the  meeting,  and  no  other  nominations  shall  be 
received  at  the  meeting  except  with  the  unanimous  consent  of  the  Trustees 
present.  Vacancies  shall  be  filled  from  the  persons  thus  nominated,  but  no 
person  shall  be  declared  elected  unless  he  receives  the  votes  of  two-thirds  of 
the  Trustees  present. 

Article  II. 


MEETINGS. 


1.  The  annual  meeting  of  the  Board  of  Trustees  shall  be  held  in  the  City 
of  Washington,  in  the  District  of  Columbia,  on  the  first  Friday  following  the 
second  Thursday  of  December  in  each  year. 

2.  Special  meetings  of  the  Board  may  be  called  by  the  Executive  Com- 
mittee by  notice  served  personally  upon,  or  mailed  to  the  usual  address  of, 
each  Trustee  twenty  days  prior  to  the  meeting. 

3.  Special  meetings  shall,  moreover,  be  called  in  the  same  manner  by  the 
Chairman  upon  the  written  request  of  seven  members  of  the  Board. 

Article  III. 

OFFICERS   OF   THE   BOARD. 

1.  The  officers  of  the  Board  shall  be  a  Chairman  of  the  Board,  a  Vice- 
Chairman,  and  a  Secretary,  who  shall  be  elected  by  the  Trustees,  from  the 
members  oi  the  Board,  by  ballot  to  serve  for  a  term  of  three  years.  All 
vacancies  shall  be  filled  by  the  Board  for  the  unexpired  term;  provided,  how- 
ever, that  the  Executive  Committee  shall  have  power  to  fill  a  vacancy  in  the 
office  of  Secretary  to  serve  until  the  next  meeting  of  the  Board  of  Trustees. 
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2.  The  Chairman  shall  preside  at  all  meetings  and  shall  have  the  usual 
powers  of  a  presiding  officer. 

3.  The  Vice-Chairman,  in  the  absence  or  disability  of  the  Chairman,  shall 
perform  his  duties. 

4.  The  Secretary  shall  issue  notices  of  meetings  of  the  Board,  record  its 
transactions,  and  conduct  that  part  of  the  correspondence  relating  to  the 
Board  and  to  his  duties.  He  shall  execute  all  deeds,  contracts  or  other 
instruments  on  behalf  of  the  corporation,  when  duly  authorized. 

Article  IV. 

EXECUTIVE    ADMINISTRATION. 

The  President. 

1.  There  shall  be  a  President  who  shall  be  elected  by  ballot  by,  and  hold 
office  during  the  pleasure  of,  the  Board,  who  shall  be  the  chief  executive 
officer  of  the  Institution.  The  President,  subject  to  the  control  of  the  Board 
and  the  Executive  Committee,  shall  have  general  charge  of  all  matters  of 
administration  and  supervision  of  all  arrangements  for  research  and  other 
work  undertaken  by  the  Institution  or  with  its  funds.  He  shall  devote  his 
entire  time  to  the  affairs  of  the  Institution.  He  shall  prepare  and  submit  to 
the  Board  of  Trustees  and  to  the  Executive  Committee  plans  and  sug- 
gestions for  the  work  of  the  Institution,  shall  conduct  its  general  corre- 
spondence and  the  correspondence  with  applicants  for  grants  and  with  the 
special  advisers  of  the  Committee,  and  shall  present  his  recommendations 
in  each  case  to  the  Executive  Committee  for  decision.  All  proposals  and 
requests  for  grants  shall  be  referred  to  the  President  for  consideration  and 
report.  He  shall  have  power  to  remove  and  appoint  subordinate  employees 
and  shall  be  ex  officio  a  member  of  the  Executive  Committee. 

2.  He  shall  be  the  legal  custodian  of  the  seal  and  of  all  property  of  the 
Institution  whose  custody  is  not  otherwise  provided  for.  He  shall  affix  the 
seal  of  the  corporation  whenever  authorized  to  do  so  by  the  Board  of  Trus- 
tees or  by  the  Executive  Committee  or  by  the  Finance  Committee.  He 
shall  be  responsible  for  the  expenditure  and  disbursement  of  all  funds  of  the 
Institution  in  accordance  with  the  directions  of  the  Board  and  of  the 
Executive  Committee,  and  shall  keep  accurate  accounts  of  all  receipts  and 
disbursements.  He  shall  submit  to  the  Board  of  Trustees  at  least  one 
month  before  its  annual  meeting  in  December  a  written  report  of  the  opera- 
tions and  business  of  the  Institution  for  the  preceding  fiscal  year  with  his 
recommendations  for  work  and  appropriations  for  the  succeeding  fiscal  year, 
which  shall  be  forthwith  transmitted  to  each  member  of  the  Board. 

3.  He  shall  attend  all  meetings  of  the  Board  of  Trustees. 

Article  V. 

COMMITTEES. 

1.  There  shall  be  the  following  standing  Committees,  viz.,  an  Executive 
Committee,  a  Finance  Committee,  and  an  Auditing  Committee. 
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2.  The  Executive  Committee  shall  consist  of  the  Chairman  and  Secretary 
of  the  Board  of  Trustees  and  the  President  of  the  Institution  ex  officio  and, 
in  addition,  five  trustees  to  be  elected  by  the  Board  by  ballot  for  a  term  of 
three  years,  who  shall  be  eligible  for  re-election.  Any  member  elected  to  fill 
a  vacancy  shall  serve  for  the  remainder  of  his  predecessor's  term :  Provided, 
however,  that  of  the  Executive  Committee  first  elected  after  the  adoption  of 
these  by-laws  two  shall  serve  for  one  year,  two  shall  serve  for  two  years,  and 
one  shall  serve  for  three  years;  and  such  Committee  shall  determine  their 
respective  terms  by  lot. 

3.  The  Executive  Committee  shall,  when  the  Board  is  not  in  session  and 
has  not  given  specific  directions,  have  general  control  of  the  administration 
of  the  affairs  of  the  corporation  and  general  supervision  of  all  arrangements 
for  administration,  research,  and  other  matters  undertaken  or  promoted  by 
the  Institution;  shall  appoint  advisory  committees  for  specific  duties;  shall 
determine  all  payments  and  salaries;  and  keep  a  written  record  of  all  trans- 
actions and  expenditures  and  submit  the  same  to  the  Board  of  Trustees  at 
each  meeting,  and  it  shall  also  submit  to  the  Board  of  Trustees  a  printed  or 
typewritten  report  of  each  of  its  meetings,  and  at  the  annual  meeting  shall 
submit  to  the  Board  a  report  for  publication. 

4.  The  Executive  Committee  shall  have  general  charge  and  control  of  all 
appropriations  made  by  the  Board. 

5.  The  Finance  Committee  shall  consist  of  three  members  to  be  elected  by 
the  Board  of  Trustees  by  ballot  for  a  term  of  three  years. 

6.  The  Finance  Committee  shall  have  custody  of  the  securities  of  the  cor- 
poration and  general  charge  of  its  investments  and  invested  funds,  and  shall 
care  for  and  dispose  of  the  same  subject  to  the  directions  of  the  Board  of 
Trustees.  It  shall  consider  and  recommend  to  the  Board  from  time  to  time 
such  measures  as  in  its  opinion  will  promote  the  financial  interests  of  the 
Institution,  and  shall  make  a  report  at  each  meeting  of  the  Board. 

7.  The  Auditing  Committee  shall  consist  of  three  members  to  be  elected 
by  the  Board  of  Trustees  by  ballot  for  a  term  of  three  years. 

8.  The  Auditing  Committee  shall,  before  each  annual  meeting  of  the 
Board  of  Trustees,  examine  the  accounts  of  business  transacted  under  the 
Finance  Committee  and  the  Executive  Committee.  They  may  avail  them- 
selves at  will  of  the  services  and  examination  of  the  Auditor  appointed  by 
the  Board  of  Trustees.  They  shall  report  to  the  Board  upon  the  collection 
of  moneys  to  wh'ich  the  Institution  is  entitled,  upon  the  investment  and 
reinvestment  of  principal,  upon  the  conformity  of  expenditures  to  appro- 
priations, and  upon  the  system  of  bookkeeping,  the  sufficiency  of  the 
accounts,  and  the  safety  and  economy  of  the  business  methods  and  safe- 
guards employed. 

9.  All  vacancies  occurring  in  the  Executive  Committee  and  the  Finance 
Committee  shall  be  filled  by  the  Trustees  at  the  next  regular  meeting.  In 
case  of  vacancy  in  the  Finance  Committee  or  the  Auditing  Committee,  upon 
request  of  the  remaining  members  of  such  committee,  the  Executive  Com- 
mittee may  fill  such  vacancy  by  appointment  until  the  next  meeting  of  the 
Board  of  Trustees. 

10.  The  terms  of  all  officers  and  of  all  members  of  committees  shall  con- 
tinue until  their  successors  are  elected  or  appointed. 
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Article  VI. 

FINANCIAL   ADMINISTRATION. 

1.  No  expenditure  shall  be  authorized  or  made  except  in  pursuance  of  a 
previous  appropriation  by  the  Board  of  Trustees. 

2.  The  fiscal  year  of  the  Institution  shall  commence  on  the  first  day  of 
November  in  each  year. 

3.  The  Executive  Committee,  at  least  one  month  prior  to  the  annual 
meeting  in  each  year,  shall  cause  the  accounts  of  the  Institution  to  be  audited 
by  a  skilled  accountant,  to  be  appointed  by  the  Board  of  Trustees,  and  shall 
submit  to  the  annual  meeting  of  the  Board  a  full  statement  of  the  finances 
and  work  of  the  Institution  and  a  detailed  estimate  of  the  expenditures  for 
the  succeeding  year. 

4.  The  Board  of  Trustees,  at  the  annual  meeting  in  each  year,  shall  make 
general  appropriations  for  the  ensuing  fiscal  year;  but  nothing  contained 
herein  shall  prevent  the  Board  of  Trustees  from  making  special  appropria- 
tions at  any  meeting. 

,5.  The  securities  of  the  Institution  and  evidences  of  property,  and  funds 
invested  and  to  be  invested,  shall  be  deposited  in  such  safe  depository  or  in 
the  custody  of  such  trust  company  and  under  such  safeguards  as  the  Trus- 
tees and  Finance  Committee  shall  designate;  and  the  income  available  for 
expenditure  of  the  Institution  shall  be  deposited  in  such  banks  or  deposi- 
tories as  may  from  time  to  time  be  designated  by  the  Executive  Committee. 
6.  Any  trust  company  entrusted  with  the  custody  of  securities  by  the 
Finance  Committee  may,  by  resolution  of  the  Board  of  Trustees,  be  made 
Fiscal  Agent  of  the  Institution,  upon  an  agreed  compensation,  for  the  trans- 
action of  the  business  coming  within  the  authority  of  the  Finance  Committee. 

Article  VII. 

AMENDMENT   OF   BY-LAWS. 

1.  These  by-laws  may  be  amended  at  any  annual  or  special  meeting  of  the 
Board  of  Trustees  by  a  two-thirds  vote  of  the  members  present,  provided 
written  notice  of  the  proposed  amendment  shall  have  been  served  personally 
upon,  or  mailed  to  the  usual  address  of,  each  member  of  the  Board  twenty 
days  prior  to  the  meeting. 


MINUTES 

OF  THE 

TWENTY-EIGHTH  MEETING  OF  THE  BOARD  OF 

TRUSTEES 
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ABSTRACT  OF  MINUTES  OF  THE  TWENTY-EIGHTH  MEETING 
OF  BOARD  OF  TRUSTEES 


The  meeting  was  held  in  Washington  in  the  Board  Room  of  the  Adminis- 
tration Building,  on  Friday,  December  9,  1927,  and  was  called  to  order  at 
10.30  a.  m.  by  the  President.  In  the  absence  of  the  Chairman  of  the  Board, 
Dr.  Pritchett  served  as  temporary  chairman. 

Upon  roll-call  the  following  Trustees  responded:  John  J.  Carty,  White- 
foord  R.  Cole,  W.  Cameron  Forbes,  Cass  Gilbert,  Frederick  H.  Gillett, 
Herbert  C.  Hoover,  Andrew  W.  Mellon,  Andrew  J.  Montague,  William  W. 
Morrow,  James  Parmelee,  Wm.  Barclay  Parsons,  Stewart  Paton,  Henry  S. 
Pritchett,  Martin  A.  Ryerson,  Theobald  Smith,  William  Benson  Storey, 
George  W.  Wickersham.  The  President  of  the  Institution,  John  C.  Merriam, 
was  also  present. 

The  minutes  of  the  twenty-seventh  meeting  were  approved  as  printed 
and  submitted  to  the  members  of  the  Board. 

Reports  of  the  President,  the  Executive  Committee,  the  Auditor,  the 
Finance  Committee,  the  Auditing  Committee,  and  of  Directors  of  Depart- 
ments and  Research  Associates  of  the  Institution  were  presented  and 
considered. 

The  following  appropriations  for  the  year  1928  were  authorized: 

Insurance  Fund $1 ,500 

Pension  Fund 40,000 

Administration 67,600 

Publication  (including  Division  of  Publications) 96 ,  230 

Departments  and  Divisions  of  Research 1,177, 925 

Minor  Grants 174,700 

General  Contingent  Fund 50,200 

Special  Emergency  Reserve  Fund 31 ,  500 

1,639,655 

Upon  motion,  Frederic  A.  Delano,  of  Washington,  D.  C,  Homer  L.  Fer- 
guson, of  Newport  News,  Virginia,  and  William  Church  Osborn,  of  New 
York  City,  were  elected  Trustees  of  the  Institution  to  fill  vacancies  caused 
by  the  deaths  of  George  J.  Baldwin,  Charles  D.  Walcott  and  Henry  White. 

Mr.  Root  was  reelected  Chairman  of  the  Board  of  Trustees,  Mr.  Pritchett 
was  elected  Vice-Chairman  in  place  of  Charles  D.  Walcott,  and  Mr.  Forbes 
was  reelected  Secretary  of  the  Board. 

Messrs.  Parsons,  Paton  and  Pritchett  were  reelected  members  of  the 
Executive  Committee  for  a  period  of  three  years,  and  Mr.  Wickersham  was 
elected  to  fill  the  unexpired  term  of  Mr.  White  as  a  member  of  the  Executive 
Committee. 

Messrs.  Parsons,  Pritchett  (Chairman),  and  Wickersham  were  reelected 
members  of  the  Finance  Committee  for  a  period  of  three  years. 

Messrs.  Brookings  (Chairman)  and  Ryerson  were  reelected  members  of 
the  Auditing  Committee  for  a  period  of  three  years,  and  Mr.  Parmelee  was 
elected  a  member  of  this  committee  to  take  the  place  of  Mr.  Wickersham. 

The  meeting  adjourned  at  1  o'clock. 
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REPORT  OF  THE  PRESIDENT 


OF  THE 
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FOB  THE  YEAE  ENDING  OCTOBER  81,  1927 


REPORT  OF  THE  PRESIDENT 

OF  THE 

CARNEGIE  INSTITUTION  OF  WASHINGTON 


In  conformity  with  Article  IV,  Section  2,  of  the  By-Laws  of  the 
Carnegie  Institution  of  Washington,  the  President  has  the  honor  to 
submit  the  following  report  on  the  activities  of  the  Institution  for  the 
fiscal  year  ending  October  31,  1927,  together  with  a  statement  of  pro- 
visional recommendation  of  appropriations  for  the  year  beginning 
January  1,  1928. 

During  the  past  year  the  Board  of  Trustees  has  sustained  loss  of 
membership  due  to  death  of  George  J.  Baldwin,  Charles  D.  Walcott, 
and  Henry  White. 

George  J.  Baldwin,  of  Savannah,  Georgia,  was  elected  to  the  Board 
of  Trustees  of  Carnegie  Institution  of  Washington  on  December  10, 
•  1925.  He  had  devoted  his  life  to  public  service,  was 
a  leader  in  civic  activities  and  greatly  interested  in 
education  and  research.  Owing  to  illness  it  was  not  possible  for  him 
to  attend  the  meeting  of  the  Trustees  in  1926.  His  death  on  March  4, 
1927,  came  before  opportunity  had  been  given  for  active  participation 
in  affairs  of  the  Institution,  but  Mr.  Baldwin  had  shown  his  great 
interest  in  our  program  of  research  and  its  relation  to  educational  pos- 
sibilities of  the  future.  His  loss  deprives  us  of  a  leader  whose  interest 
and  support  would  have  had  large  value  to  the  Institution. 

Charles  Doolittle  Walcott  was  one  of  the  small  body  of  men  who 
gave  aid  and  counsel  to  Mr.  Carnegie  in  inaugurating 
CharwakottIittle    and  maturing  plans  for  establishment  of  the  Institu- 
tion.    At  the  time  of  his  death  on  February  9,  1927, 
he  was  the  only  survivor  from  the  group  of  six  incorporators  of  the 
Institution,  and  was  one  of  three  remaining  members  of  the  original 
Board  of  Trustees. 

Dr.  Walcott  was  Secretary  of  the  Board  of  Trustees  and  of  its  Execu- 
tive Committee  from  the  founding  of  the  Institution  until  1905,  and 
bore  the  brunt  of  much  of  the  detailed  work  of  initial  organization. 
He  continued  to  serve  as  a  member  of  the  Executive  Committee  until 
1922,  and  was  chairman  of  the  Committee  during  the  last  six  years  of 
his  service.  He  served  as  Vice  Chairman  of  the  Board  of  Trustees  from 
1913  until  his  death. 
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Dr.  Walcott  had  exceptional  vision  of  possibilities  in  research.  His 
own  investigations  in  the  field  of  geological  and  biological  history  were 
marked  by  rare  judgment  in  choice  of  objectives,  in  technical  and 
philosophical  handling  of  materials,  and  in  the  interpretation  of 
results.  The  definite  contribution  which  he  made  to  information  con- 
cerning early  stages  of  life  and  its  environment  constitutes  an  element 
in  the  foundations  of  history  which  only  the  wrecking  of  our  world  of 
human  thought  could  destroy. 

An  exceptional  and  distinguished  career  in  administration  of  research 
as  Director  of  the  Geological  Survey,  Secretary  of  Smithsonian  Insti- 
tution, President  of  the  National  Academy  of  Sciences,  and  in  many 
other  positions  of  world  significance  gave  Dr.  Walcott  an  unusual 
relation  to  advance  of  science.  The  wealth  of  his  experience  in  the 
field  which  the  Carnegie  Institution  was  to  occupy,  and  the  unvary- 
ing stimulus  of  his  enthusiasm  for  research,  made  Dr.  Walcott's  con- 
tribution of  great  importance  through  those  years  in  which  standards 
of  work  and  objectives  of  the  Institution  were  in  process  of  definition. 

Henry  White  was  elected  to  membership  on  the  Board  of  Trustees  in 

December  1913  to  fill  the  vacancy  created  by  death  of  John  S.  Billings. 

He  became  a  member  of  the  Executive  Committee  in 

Henry  White  .       _  . 

the  following  year,  serving  in  that  capacity  until  his 
death  on  July  15,  1927.  Distinguished  as  a  statesman  and  student  of 
international  affairs,  and  widely  interested  in  the  educational  and  social 
life  of  America,  his  service  to  the  Institution  was  characterized  by 
breadth  of  vision,  zeal  for  adherence  to  high  ideals,  and  insistence  upon 
recognition  of  ultimate  human  service  as  the  object  of  our  activities. 
In  his  association  with  the  Institution  Mr.  White  became  especially 
interested  in  the  Eugenics  Record  Office,  and  was  instrumental  in 
furthering  organization  of  this  work  when  it  was  made  possible  through 
the  generous  gift  to  the  Institution  by  Mrs.  E.  H.  Harriman.  His 
personality  endeared  him  to  a  host  of  friends.  His  associates  on  the 
Board  will  miss  the  enthusiastic  support  he  gave  to  projects  upon  which 
the  Institution  was  engaged  and  his  constant  insistence  upon  further- 
ance of  the  work  as  in  the  interest  of  human  betterment. 

Lyrnan  J.  Gage,  who  was  selected  in  1902  as  a  member  of  that  dis- 
tinguished group  which  constituted  the  original  Board 
of  Trustees,  died  on  January  27,  1927,  in  his  ninetieth 
year.    He  resigned  as  a  Trustee  of  the  Institution  in  1912,  after  having 
served  as  Chairman  of  its  Finance  Committee  during  the  first  five 
years  of  its  existence. 
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Charles  Payne  Fenner,  of  New  Orleans,  Louisiana,  was  elected  to 

the  Board  of  Trustees  in  1914.    Ill  health  prevented 

ChaiSne?yne      nis  taking  active  part  in  the  affairs  of  the  Institution. 

It  led  to  his  resignation  as  a  Trustee  in  1925  and 

culminated  in  his  death  on  October  10,  1927. 

The  present  report  marks  conclusion  of  a  period  of  twenty-five 
years'  operation  of  the  Carnegie  Institution  of  Washington.    Estab- 

The  Quarter  lished  to  encourage  "  investigation,  research,  and  dis- 
Century  covery,  and  the  application  of  knowledge  to  the  im- 

Mark  provement  of  mankind,"  the   methods   defined   for 

conduct  of  business  of  the  corporation  were  stated  in  such  terms  as  to 
permit  the  doing  of  whatever  might  seem  properly  to  advance  knowl- 
edge and  its  use  for  benefit  of  mankind.  In  the  years  that  have  elapsed 
continuous  study  of  the  possibilities  in  research  has  been  necessary,  as 
also  the  recognition  of  constant  change  in  requirements  of  the  country 
and  in  opportunities  for  furtherance  of  investigational  work. 

The  experience  of  the  Institution  during  the  quarter  century  of  its 
effort  to  serve  as  a  special  means  for  advancement  of  knowledge  fur- 
nishes material  which  will  have  real  value  in  future  study  of  the  place 
of  research  in  the  scheme  of  human  activities.  It  is  too  early  for  any- 
thing more  than  the  most  general  statement  regarding  the  meaning  of 
accumulated  data,  but  the  trend  of  movement  in  organization  and 
operation  of  the  Institution  is  of  significance  in  formulating  our  plans 
for  future  work. 

In  the  early  stages  of  operation,  activities  of  the  Institution  were 
directed  toward  support  of  a  relatively  wide  range  of  subjects,  and  the 
grants  were  commonly  for  specific  projects  and  for  limited  periods.  An 
important  stimulus  to  constructive  work  in  many  types  of  agencies 
seems  to  have  resulted.  In  time  the  tendency  developed  to  direct 
effort  towards  certain  major  projects  the  solution  of  which  required 
longer  periods  and  greater  opportunity  for  concentration  of  funds. 
This  movement  resulted  in  development  of  departments  devoted  each 
to  its  specific  subject,  and  under  leadership  of  an  investigator  bringing 
exceptional  vision  and  ability.  The  system  of  minor  grants  for  special 
projects,  or  to  distinguished  individuals,  was  continued,  but  in  many 
cases  advantage  was  found  in  relating  the  problem  covered  by  the 
special  grant  to  work  of  a  department  of  the  Institution  especially 
fitted  to  cooperate  with  the  investigator.  The  result  was  a  double 
contribution,  consisting  of  funds  for  support  and  of  assistance  by  an 
actively  investigating  agency. 
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In  later  stages  of  the  Institution's  work,  real  advantage  has  appeared 
in  a  relation  between  departments  comparable  to  that  which  had  de- 
veloped in  some  instances  between  departments  and  individual 
investigators.  The  favorable  features  of  continuous,  concentrated 
effort  upon  specific  subjects  in  departments  have  been  supplemented 
by  active  interest  and  support  of  related  agencies  within  the  same 
larger  group. 

The  Institution  today  retains  all  the  elements  that  have  arisen  in 
the  course  of  study  of  its  problem.  There  are  still  widely  distributed 
special  grants.  The  greater  departmental  activities  still  represent 
concentrated  effort  in  specific  fields.  The  increasing  mutual  support 
has  not  diminished  initiative  of  the  individual  or  of  the  group,  but  it 
has  added  an  element  which  with  the  passing  of  time  becomes  more  and 
more  valuable,  both  in  effort  to  concentrate  upon  special  projects  and  in 
keeping  that  view  of  the  larger  field  so  desirable  in  long-continued 
researches. 

For  a  period  of  twenty-four  years,  ending  in  1926,  the  Carnegie 

Institution  made  itself  responsible  for  preparation  and  publication  of 

the  Index  Medicus,  an  index  of  literature  relating 

inde^Medicus     *°  su^ ec^s  which  touch  medicine  and  medical  research. 

The  index  was  first  issued  as  a  monthly  and  later  as  a 

quarterly  classified  record  of  current  medical  literature  of  the  world. 

The  Index  Medicus  was  established  in  1879  by  John  S.  Billings  and 

Robert  Fletcher.    In  spite  of  its  large  value,  adequate  financial  support 

was  not  obtained,  and  the  First  Series  terminated  in  1899.    In  1900-1902 

attempt  was  made  to  carry  on  the  journal  with  limited  materials  under 

the  title  "  Bibliographia  Medica"  in  France  by  Marcel  Baudouin, 

Charles  Potain  and  Charles  Richtet. 

In  1903  the  Carnegie  Institution  of  Washington  took  over  pub- 
lication of  Index  Medicus,  beginning  the  Second  Series  under  the 
editorship  of  Robert  Fletcher  and  Fielding  H.  Garrison.  It  remained 
the  only  project  in  the  special  field  of  medical  sciences  supported  by 
the  Institution.  Although  the  importance  of  developing  this  admir- 
able enterprise  in  close  touch  with  other  medical  projects  was  apparent, 
the  Institution  did  not  wish  to  sever  its  relations  until  fully  adequate 
facilities  became  available  for  continuation  of  the  work. 

A  number  of  proposals  for  affiliation  of  the  Index  Medicus  with 
work  of  other  agencies  have  been  under  discussion  in  recent  years. 
Early  in  1926  the  Executive  Committee  of  the  Institution  considered 
cooperation  with  the  American  Medical  Association  by  joint  publica- 
tion of  the  Index  Medicus  with  the  Quarterly  Cumulative  Index  of 
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American  Medical  Association,  provided  conditions  might  be  found 
which  would  permit  continuation  of  all  advantages  in  range  of  litera- 
ture and  exactness  of  citation  which  had  been  maintained  in  Index 
Medicus,  and  there  could  be  added  the  favorable  features  promoting 
ready  use  and  facility  in  handling  citations  so  well  worked  out  in 
Quarterly  Cumulative  Index.  In  January  1927,  there  was  put  into 
effect  a  plan  which  seemed  to  cover  all  essential  points  under  discus- 
sion, and  the  American  Medical  Association  began  publication  of  the 
new  Quarterly  Cumulative  Index  Medicus,  with  the  understanding 
that  the  Carnegie  Institution  would  cooperate  in  meeting  the  expenses 
of  publication  for  a  limited  period.  The  Carnegie  Institution  carried 
publication  of  Index  Medicus  through  the  record  of  current  medical 
literature  to  the  end  of  December  1926,  by  issue  of  a  supplementary 
number  of  the  journal  for  that  year. 

The  new  plan  of  procedure  is  formulated  with  approval  of  Carnegie 
Institution,  of  American  Medical  Association,  and  of  Office  of  the 
Surgeon  General  of  the  United  States  Army.  It  involved  appointment 
of  an  editorial  board  representing  the  Surgeon  General's  Office  and  the 
American  Medical  Association,  and  the  establishment  of  an  advisory 
board  consisting  of  representatives  of  the  Surgeon  General's  Office, 
American  Medical  Association  and  Carnegie  Institution  of  Washington. 
This  advisory  board  was  understood  to  care  for  discussion  of  ques- 
tions concerning  standards  and  to  consider  relation  of  this  program  to 
research  problems.  It  also  represents  the  cooperative  aspect  of  the 
undertaking. 

There  is  every  reason  to  believe  that  the  Quarterly  Cumulative 
Index  Medicus  will  not  only  serve  abundantly  to  meet  needs  of  routine 
reference  to  medical  literature,  but  that  it  will  assist  greatly  in  develop- 
ment of  the  constructive  side  of  medicine  by  bringing  within  reach  of 
every  practitioner  and  student  the  wealth  of  result  of  the  world's 
advance  in  knowledge  through  all  fields  closely  related  to  medicine. 

It  was  most  appropriate  that  Fielding  H.  Garrison  and  Albert 
Allemann,  who  have  served  so  faithfully  as  editors  of  Index 
Medicus,  were  appointed  to  represent  the  interests  of  the  Surgeon 
General's  Office  on  the  editorial  board  of  Quarterly  Cumulative  Index 
Medicus.  Unwearying  industry  and  fidelity  to  a  rigorous  program  of 
detail  has  been  essential  in  carrying  on  preparation  and  editing  of 
Index  Medicus.  Dr.  Garrison,  Dr.  Allemann,  and  their  associates  of  the 
Surgeon  General's  Office  have  earned  the  respect  and  admiration  of  all 
who  have  been  in  position  to  appreciate  the  character  and  quality  of 
their  labor  in  this  important  work  contributing  so  much  toward  organ- 
ization and  advancement  of  knowledge  in  the  medical  sciences. 
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In  accordance  with  authorization  of  the  Trustees  at  the  last  annual 

Cruise  of  the  meeting,  the  non-magnetic  yacht  Carnegie  has  been 
Carnegie  thoroughly  repaired  and  partially  re-equipped,  in 
expectation  that  the  vessel  will  be  put  into  service  in  1928  for  a  three- 
year  cruise  continuing  special  work  in  terrestrial  magnetism  and 
atmospheric  electricity,  and  extending  study  of  certain  general  prob- 
lems in  physical  oceanography.  Recommendation  is  included  in  the 
estimated  expenses  of  the  Institution  for  the  year  1928  to  provide  for 
maintenance  and  operation  of  the  Carnegie  during  the  initial  stages  of 
such  a  cruise. 

At  the  conclusion  of  the  cruise  of  the  Carnegie  in  1921,  necessity  de- 
veloped for  complete  overhauling  of  the  vessel  before  it  could  be  put 
to  further  use  with  safety.  Study  of  the  data  accumulated  during  work 
of  the  ship  since  1915  has  proceeded  rapidly  and  has  led  to  publication 
in  1926  of  an  extended  monograph  relating  to  magnetic  and  electric 
observations,  and  to  special  reports  by  members  of  the  Department  of 
Terrestrial  Magnetism.  Progress  of  this  work  accentuated  need  for 
further  use  of  the  vessel  in  checking  lines  of  magnetic  variation  already 
observed,  and  this  program  comprises  the  essential  purposes  of  the 
proposed  cruise. 

In  order  to  utilize  the  very  unusual  opportunity  which  this  expe- 
dition presents  for  study  of  special  problems  in  physical  oceanography 
to  the  advantage  of  our  other  departments  and  in  the  broader  cause 
of  science,  a  collateral  program  has  been  presented  by  the  Department 
of  Terrestrial  Magnetism  comprising  investigations  in  the  following 
subjects:  record  of  surface  and  depth  temperature,  determination  of 
depths  of  the  sea  by  the  echo  method,  collection  of  bottom  samples, 
shallow-water  dredging,  collection  of  surface  plankton  and  other 
biological  specimens,  chemical  analysis  of  sea-water,  radio  observa- 
tions, sun  and  sky  radiation  measurements,  carbon  dioxide  and  dust 
content  of  air,  and  general  marine  meteorology. 

The  program  outlined  affords  occasion  for  effective  cooperation  with 
other  agencies  in  oceanographic  work.  As  expressed  in  the  resolution 
of  the  Board  of  Trustees  at  its  annual  meeting  in  1926,  it  is  hoped  that, 
after  conclusion  of  the  proposed  cruise  beginning  in  1928,  it  will  prove 
practicable  to  have  the  work  of  the  Carnegie  undertaken  in  direct 
cooperation  with  other  agencies. 

The  program  outlined  above  with  respect  to  repairs,  equipment  and 
operation  of  the  Carnegie  has  been  rendered  possible  by  recent  addition 
to  the  Endowment  Fund  of  the  Institution  through  gift  from  the  Car- 
negie Corporation  of  New  York.    A  considerable  portion  of  the  avail- 
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able  increase  in  income  derived  from  this  source  must  be  continued  for 
purposes  of  work  of  the  Carnegie  during  the  next  three  years  in 
order  to  complete  the  essential  series  of  observations. 

In  connection  with  repair  and  equipment  of  the  Carnegie  the  Insti- 
tution is  indebted  for  generous  aid  and  cooperation  of  departments 
of  the  Government.  The  United  States  Coast  Guard  Service  kindly- 
arranged  to  tow  the  vessel  from  the  mouth  of  the  Potomac  River  to 
Hoboken,  and  return  to  Washington  after  repair  at  the  yards  of  the 
dry  dock  company.  The  United  States  Navy  Department  has  been 
most  generous  in  loaning  equipment,  which  will  play  an  important 
part  in  the  oceanographic  investigations  to  be  carried  on  during  the 
next  cruise,  and  which  could  be  obtained  from  no  other  source. 

In  the  course  of  the  past  year  our  work  in  history  of  early  American 
cultures  has  been  considered  of  such  significance  that  its  further  de- 
velopment would  be  facilitated  by  restatement  of 
EarIHistory Can  program.  The  specific  investigations  undertaken  by 
the  Institution  in  American  archaeology  have  in- 
volved on  the  one  hand  intensive  detailed  investigation  of  materials 
and,  on  the  other  hand,  an  effort  to  bring  the  results  secured  into  re- 
lation to  the  larger  body  of  information  representing  movement  of 
events  in  early  history  of  this  hemisphere.  These  studies  have  been 
undertaken  with  the  hope  that  through  them  there  might  be  derived 
some  suggestion  of  laws  which  have  governed  in  development  of  the 
varying  types  of  peoples  and  cultures  in  America. 

There  has  been  need  of  opportunity  for  interpretation  of  materials 
obtained  through  our  own  studies  in  the  light  of  outstanding  investiga- 
tions on  the  American  problem  in  other  regions.  For  the  purpose  of 
better  definition  of  program,  both  in  the  sense  of  more  intensive  study 
of  detail  and  with  a  view  to  obtaining  the  broadest  understanding  of 
our  results,  attempt  has  been  made  to  restate  our  plans  with  expec- 
tation that  this  action  will  give  a  relatively  large  return  for  an  equiva- 
lent effort.  Alfred  V.  Kidder,  who  has  worked  with  distinction  in 
detailed  researches  on  early  American  history  and  is  deeply  interested  in 
the  wider  aspects  of  this  study,  has  accepted  leadership  in  this  field  of 
our  investigations. 

In  the  past  year,  work  of  the  Institution  has  developed  several  new 
phases  in  research  on  the  Maya  city  of  Chichen  Itza,  Yucatan.  Exca- 
vation in  1927  has  included  two  small  structures  of  exceptional 
interest  and  beauty,  for  study  of  which  funds  have  been  furnished  by 
friends  of  the  Institution.    The  major  activities  have  been  devoted  to 


CARNEGIE    INSTITUTION    OF   WASHINGTON 

completing  work  on  the  Warriors  Temple,  which  proves  to  be  one 
of  the  most  interesting,  as  well  as  one  of  the  most  beautiful,  buildings 
thus  far  known  in  the  Maya  region.  The  discovery  of  a  second  temple 
beneath  the  floor  of  the  main  structure  has  made  extremely  careful 
excavation  necessary,  in  order  to  give  access  to  the  earlier  temple 
without  risking  destruction  of  the  upper  and  outer  floor.  This  im- 
portant work  has  been  carried  out  successfully  under  the  direction  of 
Earl  Morris,  in  immediate  charge  of  excavation  of  the  Warriors 
Temple. 

Ample  justification  for  adherence  to  the  fundamental  plan  of  the 
Institution  in  furtherance  of  historical  studies  in  Middle  America  is 
given  in  the  results  of  work  in  recent  years  at  Chichen  Itza.  These 
researches  are  bringing  out  much  new  material  bearing  upon  the  life, 
culture  and  art  of  the  Maya  people.  The  data  secured  give  added 
strength  to  the  view  that  early  Americans  made  a  cultural  contribu- 
tion which  will  be  of  value  to  the  world  as  a  whole,  and  of  which  the 
aboriginal  peoples  of  America  may  justly  be  proud. 

Careful  study  has  been  given  to  the  possibility  of  increased  effec- 
tiveness within  the  field  of  the  Institution's  researches  in  plant  biology 
through   opportunity  for  closer  cooperation  of  the 

P1programgy  several  rather  widely  separated  agencies  already  in 
operation.  Desiring  to  keep  all  advantages  of  in- 
dividual and  group  initiative,  and  also  to  retain  the  exceptional  possi- 
bilities offered  by  varying  types  of  location  and  modes  of  attack, 
review  has  been  made  of  means  for  developing  such  relations  as  would 
permit  concentration  of  effort  in  a  manner  not  heretofore  possible. 

In  the  course  of  the  past  two  decades  of  the  Institution's  work 
attempt  has  been  made  to  advance  the  boundaries  of  knowledge  in 
plant  biology  by  intensive  effort  at  several  critical  points  along  the 
margin  of  the  field.  Such  have  been  the  researches  in  problems  of  life 
process  in  plant  physiology,  on  relation  of  life  development  to  special 
types  of  conditions  as  in  the  work  at  the  Desert  Laboratory,  on  the 
relation  of  life  process  to  environment  as  in  ecological  research,  on 
problems  of  plant  heredity,  on  questions  touching  relation  of  classifica- 
tion to  heredity  and  to  influence  of  environment,  and  finally  the  studies 
on  problems  presented  by  history  of  plant  life  during  the  ages. 

In  1926  a  small  committee  of  leading  investigators  of  the  Institution 
was  set  up  to  give  attention  to  the  possibility  of  keeping  all  advantages 
obtained  by  available  approaches  to  the  region  of  the  unknown  and,  at 
the  same  time,  develop  such  a  unification  of  program  as  would  open  new 
possibilities  for  contribution  to  understanding  of  fundamental  aspects 
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of  plant  function  and  development.  The  report  of  this  committee  in- 
dicates that  shift  to  a  method  of  operation  involving  more  distinct 
unity  of  attack  would  be  profitable  to  all,  without  real  loss  or  hard- 
ship in  any  phase  of  our  investigations.  The  result  of  this  study  also 
makes  it  clear  that  unification  of  program  should  properly  express 
itself  in  development  of  a  larger  measure  of  unity  in  administration, 
through  which  the  furthering  of  the  whole  program  may  be  facilitated. 
In  accordance  with  results  of  the  studies  of  our  plant  biology  pro- 
gram, and  in  furtherance  of  what  seems  the  natural  line  of  develop- 
ment in  support  of  a  balanced  plan  for  the  Institution,  recommenda- 
tion has  been  made  involving  restatement  of  our  problem  and  the 
taking  of  necessary  steps  to  unify  general  administration  of  our 
significant  researches  in  this  field.  It  is  assumed  that  such  a  plan  will 
make  the  resources  of  the  Institution  more  fully  available  to  all  mem- 
bers of  the  body  of  investigators  in  these  groups.  It  is  believed  that 
such  a  program  will  also  contribute  distinctly  toward  strengthening 
relation  of  investigations  within  the  Institution  to  those  of  many  out- 
standing agencies  occupied  with  similar  researches. 

Continuing  the  policy  of  opening  opportunity  for  contact  of  in- 
vestigators in  departments  of  the  Institution  with  those  in  related 
fields,  we  have  been  represented  during  the  past  year  at  a  number  of 
Representation  at    especially  significant  international  meetings  in  which 

^Scientific*11       *ne  resu^s  °f  our  own  researches  have  been  presented 

Conferences  for  discussion,  and  conference  was  had  with  leading 
students  in  other  parts  of  the  world.  Contacts  of  special  importance 
were  made  during  the  visit  of  Arthur  L.  Day,  Director  of  the  Geo- 
physical Laboratory,  to  the  Third  Pan  Pacific  Scientific  Congress  in 
Tokyo ;  by  the  attendance  of  L.  A.  Bauer,  Director  of  the  Department 
of  Terrestrial  Magnetism,  on  the  Third  General  Assembly  of  the 
International  Union  of  Geodesy  and  Geophysics  at  Prague;  by  the 
participation  of  C.  B.  Davenport,  Director  of  the  Department  of 
Genetics,  together  with  four  members  of  his  staff,  in  work  of  the 
Fifth  International  Conference  on  Genetics  in  Berlin;  and  by  the  con- 
tribution of  W.  H.  Lewis,  of  the  Department  of  Embryology,  in  the 
International  Congress  of  Zoology  at  Budapest. 

In  many  cases  members  of  the  Institution  have  taken  active  part  in 
work  of  international  committees  organized  for  discussion  of  special 
problems.  Through  these  relationships  there  has  developed  both  the 
accumulation  of  materials  arising  from  studies  by  other  institutions  and 
the  contribution  from  our  own  researches,  which  are  thus  subjected  to 
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constructive  review  by  experts  in  related  fields.  It  is  believed  that 
such  extension  of  our  relationships  is  one  of  the  important  means 
to  be  used  in  finding  how  our  own  course  should  be  steered  in  the 
unknown  fields  toward  which  we  are  always  moving. 

In  connection  with  discussion  of  betterment  of  our  plans  for  publi- 
cation of  monographic  works,  attempt  has  been  made  during  the  past 
.  year  to  devise  means  by  which  some  of  the  publica- 

tions of  relatively  wide  interest  can  be  so  handled  as 
to  reach  a  larger  audience. 

A  modified  plan  of  publication  has  been  used  in  issue  of  the  first 
volume  of  George  Sarton's  "An  Introduction  to  the  History  of  Science." 
The  book  has  been  issued  in  its  regular  form,  the  Institution  purchasing 
from  the  publishers  such  copies  as  are  required  to  meet  needs  of  regular 
distribution.  The  publisher  then  produced  a  much  larger  edition  than 
is  customarily  authorized  and  has  placed  the  book  on  the  market  in 
order  that  it  may  be  obtained  in  such  number  of  copies  as  the  public 
may  desire.  While  the  rights  and  responsibilities  of  the  Institution 
are  fully  maintained  in  issue  of  the  volume  as  one  of  its  publications, 
the  facilities  of  a  well-organized  publishing  house  are  also  utilized  in 
marketing  the  book.  For  certain  types  of  studies  this  plan,  or 
some  modification  of  it,  may  aid  the  Institution  to  extend  the  reach  of 
its  publications  without  building  up  further  administrative  organiza- 
tion, and  without  departing  from  full  expression  of  the  Institution's 
responsibility. 

A  second  type  of  unusual  handling  of  a  monographic  work  issued  by 
the  Institution  is  shown  by  E.  E.  Barnard's  "Atlas  of  Selected  Regions 
of  the  Milky  Way."  This  publication  represents  studies  carried  out 
by  Professor  Barnard  of  Yerkes  Observatory  with  the  Bruce  photo- 
graphic telescope.  In  presentation  of  the  material  as  it  now  appears 
we  have  had  the  cooperation  and  assistance  of  E.  B.  Frost,  Director  of 
Yerkes  Observatory.  The  work  is  essentially  a  beautiful  atlas  of 
photographs  covering  selected  sections  of  the  Milky  Way,  accompanied 
by  corresponding  plates  with  line  illustrations  giving  location  of  im- 
portant features  shown  on  the  photographs. 

In  connection  with  study  of  means  for  presenting  results  of  investi- 
gations, in  the  past  year  the  Editor  of  our  publications  has  carried 
out  trial  of  a  plan  for  release  of  information  regarding  results  of 
especially  significant  researches  or  current  activities  of  the  Institution. 
The  articles  issued  have  been  based  in  part  upon  new  publications  of 
the  Institution.    In  other  instances  they  are  reports  on  special  work 
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prepared  by  departments  or  staff  members.  Each  statement  is  ex- 
amined critically  by  the  staff  members  most  intimately  concerned,  and 
careful  study  is  made  of  channels  for  distribution.  The  releases  cover 
a  large  group  of  daily  newspapers,  weekly  and  monthly  periodicals, 
special  feature  service  of  the  press,  and  a  group  of  special  writers  and 
news  syndicating  agencies.  This  direct  touch  with  the  scientific  and 
general  reading  public  has  real  value  in  connection  with  any  attempt 
to  make  results  of  our  researches  immediately  available.  The  releases 
represented  by  general  articles  are  transmitted  to  members  of  the 
Board  of  Trustees  of  the  Carnegie  Institution. 

In  the  past  year  the  Institution  has  received  seventy-four  thousand 
dollars  in  the  form  of  gifts  for  support  of  specific  projects  in  such  widely 
diverse  fields  as  mathematics,  chemistry,  physiology, 
genetics,  seismology,  geology,  and  archaeology.  The 
Carnegie  Corporation  of  New  York  has  been  the  largest  contributor, 
the  others  being  Walter  J.  Salmon,  the  Carnegie  Foundation  for  the 
Advancement  of  Teaching,  the  Sex  Research  Committee  of  the 
National  Research  Council,  the  Playground  Athletic  League,  F.  I. 
Proctor,  Elizabeth  C.  Ritchie,  Wm.  Barclay  Parsons,  Latham  G. 
Reed,  Wm.  Church  Osborn  and  Samuel  McCullough.  These  dona- 
tions are  in  recognition  of  the  significance  of  investigations  carried  on 
by  the  Institution.  Through  setting  up  of  special  funds  contributed 
toward  endowment  of  the  Institution  by  individual  gift  or  bequest, 
extremely  important  sources  of  continuing  support  have  developed  in 
the  past  for  certain  of  the  most  important  research  programs  of  the 
Institution. 
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FINANCIAL  STATEMENT 

The  sources  of  funds  available  for  expenditure  during  the  fiscal  year 

(including  appropriations  made  by  the  Trustees  December  10,  1926, 

Financial         and  revertments  and  transfers  made  during  the  year), 

for^scaTYear     tne  amounts  allotted  by  the  Executive  Committee 

1926-1927         during  the  year,  and  the  balances  unallotted  at  the  end 

of  the  year  are  shown  in  detail  in  table  A. 


A — Financial  statement  for  fiscal  year  ending  October  31,  1927 


Balances 

unallotted 

Oct.  31, 

1926. 


Trustees' 
appropria- 
tion Dec. 
10,  1926. 


Revert- 
ments and 
transfers 
Nov.  1, 1926, 
to  Oct.  31, 
1927. 


Total 

available 

1927. 


Executive 

Committee 

allotments 

1927. 


Transfers 
by  Execu- 
tive Com- 
mittee. 


Unalloted 

balances 

Oct.  31, 

1927. 


Large  Grants: 

Laboratory  for  Plant  Phys- 
iology  

Embryology 

Ecological  Research 

Genetics 

Geophysical  Laboratory.  .  . 

Historical  Research 

Marine  Biology 

Meridian  Astrometry 

Middle  Amer.  Archaeology  . 

Nutrition  Laboratory 

Mt.  Wilson  Observatory .  . . 
Terrestrial  Magnetism 


Minor  Grants 

Publications 

Administration 

Insurance  Fund 

Pension  Fund 

General  Contingent  Fund. . 
Sp'l  Emer.  Reserve  Fund. 


$957.17 
4,024.93 


5,853.90 


$77,130 

55,440 

42,250 

127,110 

167,284 

44,200 

13,500 

37,720 

61 ,500 

48,590 

236,730 

248,112 

169,200 
96,230 
67,100 
3,600 
40,000 
45,000 
50,000 


$3,545.54 


3,400 
4,400 
1,200 


500.00 


750 
2,500 
6,250 
8,585 


11,064.47 
9,098.77 


23,291.84 


$80,675.54 

55,440.00 

45,650.00 

131,510.00 

168,484.00 

44,200.00 

14,000.00 

37,720.00 

62,250.00 

51,090.00 

242,980.00 

256,697.78 

181,221.64 
109,353.70 
67,100.00 
3,600.00 
40,000.00 
74,145.74 
50,000.00 


$80,675.54 

55,440.00 

45,650.00 

131,510.00 

168,484.00 

44,200.00 

14,000.00 

37,720.00 

62,250.00 

51,090.00 

242,980.00 

256,697.78 

180,575.00 
96,667.63 
67,100.00 
3,600.00 
40,000.00 
11,344.14 
50,000.00 


$646.64 
12,686.07 


$51,769.12 


11,032.48 


10,836.00 


1,630,696 


74,586.40 


1,716,118.40 


1,639,984.09 


51,769.12 


24,365.19 
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The  aggregates  of  receipts  from  interest  on  endowment,  from  interest 

on  bond  investments  and  bank  deposits,  from  sales  of  publications, 

Receipts  and      from   refunds    on    grants,    and   from    miscellaneous 

^h^LastStltio?     sources>  f°r  eacn  year  since  the  foundation  of  the 

to  Date  Institution  are  shown  by  table  B;  the  grand  total  of 

these  to  date  is  $33,676,020.45. 

B — Aggregate  of  financial  receipts 


Year 

Interest 

ending 

Interest  on 

on  bonds 

Sales  of 

Refunds  on 

Miscellaneous 

Total. 

Oct. 

endowment. 

and  bank 

publications. 

grants. 

items. 

31. 

deposits. 

1902 

$250,000.00 
500,000.00 
500,000.00 

$9.70 

$1,825.52 

$251,835.22 

1903 
1904 

5,867.10 
33,004.26 

$2,286.16 
2,436.07 

101 .57 

508,254.83 
536,439.36 

$999  .03 

1905 

500,000.00 

25,698.59 

3,038.95 

200  .94 

150  .00 

529,088.48 

1906 

500,000.00 

27,304.47 

4,349.68 

2,395.25 

19.44 

534,068.84 

1907 

500,000.00 

22,934.05 

6,026.10 

2,708.56 

15.22 

531 , 683  .93 

1908 

550,000.00 

17,761.55 

7,877.51 

25.68 

48,034.14 

623,698.88 

1909 

600,000.00 

14,707.67 

11,182.07 

2,351.48 

103,564.92 

731,806.14 

1910 

600,000.00 

10,422.78 

10,470.25 

1,319.29 

54,732.45 

676,944.73 

1911 

975,000.00 

14,517.63 

10,892.26 

4,236.87 

923.16 

1,005,569.97 

1912 

1,100,000.00 

31,118.41 

11,496.13 

1,658.88 

96,035.01 

1,240,308.42 

1913 

1,103,355.00 

46,315.60 

12,208.66 

3,227.53 

345,769.95 

1,510,876.74 

1914 

1,105,084.17 

59,298.63 

11,402.40 

7,819.70 

577,305.77 

1,760,910.67 

1915 

1,100,375.00 

67,888.31 

10,297.79 

8,322.87 

28,162.79 

1,215,046.76 

1916 

1,100,375.00 

83,626.38 

12,544.16 

1,450.12 

153,204.40 

1,351,200.06 

1917 

1,100,408.75 

100,702.60 

11,921.35 

32,950.22 

179,611.97 

1,425,594.89 

1918 

1,110,427.45 

120,464.02 

9,921.00 

39,833.23 

255,354.60 

1,536,000.30 

1919 

1,112,441.25 

138,700.73 

12,837.58 

53,549.98 

214,498.99 

1,532,028.53 

1920 

1,112,441.25 

159,559.03 

18,393.79 

4,088.63 

176,249.81 

1,470,732.51 

1921 

1,112,441.25 

170,211.22 

16,684.51 

4,068.69 

210,518.96 

1,513,924.63 

1922 

1,112,504.52 

175,021.09 

14,081.84 

9,395.66 

34,527.38 

1,345,530.49 

1923 

1,114,541.13 

192,287.72 

13,841.76 

9,739.17 

1,720,808.90 

3,051,218.68 

1924 

1,115,187.58 

193,368.98 

11,994.21 

18,663.38 

409,712.28 

1,748,926.43 

1925 

1,181,585.00 

197,696.51 

13,680.74 

14,315.03 

825,156.17 

2,232,433.45 

1926 

1,156,795.00 

199,418.02 

14,039.02 

44,766.64 

167,898.35 

1,582,917.03 

1927 
Total 

1,186,397.70 

199,038.63 

10,032.42 

19,049.80 

1,814,461.93 

3,228,980.48 

23,399,360.05 

2,306,943.68 

263,936.41 

287,136.63 

♦7,418,643.68 

33,676,020.45 

*  Of  this  amount  $4,906,661.94  came  from  the  sale  of  bonds;  $51,265.74  from  the  Colburn 
Estate;  and  $2,389,697.92  from  the  Carnegie  Corporation  of  New  York. 
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The  purposes  for  which  funds  have  been  appropriated  by  the  Board 
of  Trustees  of  the  Institution  may  be  classified  under  five  heads: 
(1)  Investments  in  bonds;  (2)  large  projects;  (3)  minor  grants  and 
payments  from  Pension,  Insurance,  and  General  Contingent  Funds; 
(4)  publications;  (5)  administration.  Table  C  shows  the  actual  ex- 
penditures under  these  heads  for  each  year  since  the  foundation  of  the 
Institution. 


C — Aggregate  of  expenditures 

Minor  grants 

Year 

and  payments 

end- 
ing 
Oct. 

Purchase 
of  bonds. 

Large 
projects. 

from  Pension, 

Insurance,  and 

General 

Publica- 
tions. 

Adminis- 
tration. 

Total. 

31. 

Contingent 
Funds. 

1902 

$4,500.00 

$27,513.00 

$32,013.00 

1903 

$100,475.00 
196,159.72 

137,564.17 

$938  .53 

43,627.66 

282,605.36 

1904 

$49,848.46 

217,383.73 

11,590.82 

36,967.15 

511,949.88 

1905 

51,937.50 

269,940.79 

149,843.55 

21,822.97 

37,208.92 

530,753.73 

1906 

63,015.09 

381,972.37 

93,176.26 

42,431.19 

42,621.89 

623,216.80 

1907 

2,000.00 

500,548.58 

90,176.14 

63,804.42 

46,005.25 

702,534.39 

1908 

68,209.80 

448,404.65 

61,282.11 

49,991.55 

48,274.90 

676,163.01 

1909 

116,756.26 

495,021.30 

70,813.69 

41,577.48 

45,292.21 

769,460.94 

1910 

57,889.15 

427,941.40 

83,464.63 

49,067.00 

44,011.61 

662,373.79 

1911 

51,921.79 

454,609.75 

72,048.80 

37,580.17 

45,455.80 

661,616.31 

1912 

436,276.03 

519,673.94 

103,241.73 

44,054.80 

43,791.13 

1,147,037.63 

1913 

666,428.03 

698,337.03 

110,083.06 

53,171.59 

43,552.89 

1,571,572.60 

1914 

861,864.23 

817,894.52 

107,507.55 

44,670.55 

44,159.54 

1,876,096.39 

1915 

206,203.21 

770,488.58 

109,569.37 

46,698.56 

48,224.04 

1,181,183.76 

1916 

473,702.70 

638,281.41 

99,401.26 

73,733.38 

49,454.08 

1,334,572.83 

1917 

502,254.05 

695,813.07 

100,746.13 

62,884.61 

48,766.29 

1,410,464.15 

1918 

528,565.55 

693,780.00 

170,470.74 

44,394.83 

49,118.76 

1,486,329.88 

1919 

438,960.29 

845,123.82 

203,810.84 

68,964.23 

55,742.83 

1,612,602.01 

1920 

464,279.57 

876,437.28 

159,633.49 

95,933.10 

68,739.90 

1,665,023.34 

1921 

109,390.25 

981,186.46 

171,895.22 

81,388.33 

58,730.11 

1,402,590.37 

1922 

50,431.05 

975,149.20 

192,325.46 

96,227.01 

56,405.15 

1,370,537.87 

1923 

1,715,537.72 

930,395.95 

232,344.69 

89,402.06 

63,493.46 

3,031,173.88 

1924 

440,921.24 

939,739.67 

230,291.90 

87,790.74 

65,076.47 

1,763,820.02 

1925 

861,583.20 

979,615.36 

225,307.45 

103,531.67 

67,266.71 

2,237,304.39 

1926 

178,817.80 

1,060,525.36 

254,977.20 

84,526.23 

65,871.48 

1,644,718.07 

1927 
Total 

1,623,071.17 

1,164,136.05 

258,709.17 

85,221.42 

67,283.11 

3,198,420.92 

10,266,650.40 

16,614,865.00 

3,710,568.34 

1,481,397.24 

1,312,654.34 

33,386,135.32 
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On  account  of  site  for  and  construction  of  the  Administration 
Building  of  the  Institution,  and  on  account  of  real 
^Property  "*     estate,    buildings    and   equipment   of   departmental 
establishments,   the  following  sums  have  been  ex- 
pended since  the  foundation  of  the  Institution : 

D — Real  estate  and  equipment,  original  cost 
Administration : 

Building,  site  and  equipment  (Oct.  31,  1927) $341, 187  .77 

Laboratory  for  Plant  Physiology  (Sept.  30,  1927) : 

Buildings  and  grounds $54 ,  930 .46 

Laboratory  and  library 37 ,  573  .99 

Operating  appliances 11, 397  .13 

103,901.58 

Ecological  Research  (June  30,  1927) : 

Building,  Laboratory 10, 018 .04 

Library,  operating 4 ,  884  .  13 

14,902.17 

Department  of  Embryology  (Sept.  30,  1927) : 

Library 1,848.18 

Laboratory 8,655  .39 

Administration 4,468 .61 

— 14,972.18 

Department  of  Genetics  (Sept.  30,  1927) : 

Buildings,  grounds,  field 292,606  .85 

Operating 22,930  .72 

Laboratory  apparatus 16 ,  390 .56 

Library 28,338.88 

Archives 45,488.90 

405 , 755 .91 

Geophysical  Laboratory  (Sept.  30,  1927) : 

Building,  library,  operating  appliances 199,901 .78 

Laboratory  apparatus 1 10, 336  .80 

Shop  equipment 12, 224 .27 

322,462.85 

Department  of  Historical  Research  (Sept.  30,  1927) : 

Office ' 3,622  .46 

Library 5, 348 .85 

8,971.31 

Department  of  Marine  Biology  (Sept.  30,  1922) : 

Vessels 30,930 .43 

Buildings,  docks,  furniture  and  library 12, 130 .86 

Apparatus  and  instruments 9 ,  322  .55 

52,383.84 

Department  of  Meridian  Astrometry  (Sept.  30,  1927) : 

Apparatus  and  instruments 3 ,  746  .84 

Operating 4 ,  657  .66 

8,404.50 

Nutrition  Laboratory  (Sept.  30,  1927) : 

Building,  office  and  shop , 126, 163  .00 

Laboratory  apparatus 28 ,  657 .76 

154,820.76 

Mount  Wilson  Observatory  (Aug.  31,  1927): 

Buildings,  grounds,  road  and  telephone  line 199,324  .64 

Shop  equipment 43 ,  911 .78 

Instruments 562 ,  429  .  15 

Furniture  and  operating  appliances 179,353  .60 

Hooker  100-inch  reflector 600, 159  .86 

1,585,179.03 

Department  of  Terrestrial  Magnetism  (Sept.  30,  1927) : 

Building,  site  and  office 210,830  .12 

Vessel  and  survey  equipment 198,602  .58 

Instruments,  laboratory  and  shop  equipment 131,734  .40 

541,167.10 

3,554,109.00 
17 
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PUBLICATIONS 

Sales  of  Publica-        Table  E  shows  the  amounts  received  from  sub- 
ti0ofStWVonUe     scriptions  to  the  Index  Medicus,  from  sales  of  Year 
Hand  Books,  and  from  sales  of  all  other  publications  for 

each  year  since  the  foundation  of  the  Institution. 

E — Table  showing  sales  of  publications 


Year. 

Index 
Medicus. 

Year 
Book. 

Miscellaneous 
books. 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Total 

$2,256.91 
2,370.47 
2,562.76 
2,970.56 
3,676.71 
3,406.19 
4,821.85 
4,470.50 
4,440.21 
4,652.14 
4,992.02 
5,079.16 
5,010.21 
4,382.19 
4,616.21 
4,324.29 
4,267.95 
5,451.86 
6,277.32 
5,774.59 
5,777.46 
4,533.68 
5,636.25 
5,728.31 
1,650.65 

$29 .25 
52.85 
44.75 
37.60 
56 .50 
99.65 
73.01 

100 .70 
85.50 
61.65 
75  .95 
49.65 
47.60 
46.60 
51.55 
21.10 
93.30 
40.50 
50.55 
59.25 
70.10 
31.00 
25.00 
41.40 
59.67 

$12 .75 
431 .44 
1,341.52 
2,292.89 
4,371.67 
6,287.21 
5,899.05 
6,366.55 
6,782.34 
7,140.69 
6,273.59 
5,239.98 
8,115.37 
7,253.59 
5,575.61 
8,476.33 
12,901.43 
10,356.64 
8,248.00 
7,994.20 
7,429.53 
8,019.49 
8,269.31 
8,322.10 

109,130.45 

1,404.68 

153,401.28 

At  the  end  of  the  fiscal  year  there  are  on  hand  91,758  volumes  of 
miscellaneous  publications  and  Year  Books,  having  a  sale  value  of 
$271,280.10;  also  1,617  complete  volumes  and  8,107  miscellaneous 
numbers  of  the  Index  Medicus,  having  a  value  of  $16,869.75. 
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The  data  furnished  in  table  F  are  of   statistical 
interest  in  respect  to  the  work  of  publication  of  the 
Institution.     558  volumes,  which  embrace  a  total  of 
162,586  pages  of  printed  matter,  have  thus  far  been  issued. 


Growth  and  Extent 

of  Institution's 

Publications 


F — Table  showing  number  of  volumes,  number  of  pages  (octavo  and  quarto),  and  totals  of 

pages  of  publications  issued  by  the  Institution  for  each  year  and  for  the 

twenty-six  years  from  1902  to  1927 


Year. 

Number  of 
volumes 
issued. 

Number  of 
octavo 
pages. 

Number  of 
quarto 
pages. 

Total 

number  of 

pages. 

1902 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

Total .  .  . 

3 
3 
11 
21 
19 
38 
28 
19 
29 
30 
23 
29 
23 
23 
35 
21 
17 
29 
23 
18 
24 
20 
17 
24 
14 
17 

46 
1,667 
2,843 
3,783 
3,166 
6,284 
4,843 
3,695 
3,274 
5,062 
3,981 
6,605 
4,978 
4,686 
9,478 
4,464 
3,073 
5,834 
3,962 
4,068 
4,566 
6,459 
4,665 
3,970 
4,552 
4,520 

46 
1,667 
2,877 
5,228 
4,454 
9,712 
7,328 
4,907 
8,105 
6,732 
6,025 
9,357 
6,912 
6,152 
11,908 
7,155 
4,193 
8,265 
7,672 
5,466 
6,605 
7,063 
5,499 
5,247 
5,402 
8,609 

34 
1,445 
1,288 
3,428 
2,485 
1,212 
4,831 
1,670 
2,044 
2,752 
1,934 
1,466 
2,430 
2,691 
1,120 
2,431 
3,710 
1,398 
2,039 
604 
834 
1,277 
850 
2,089 

558 

114,524 

46,062 

162,586 

The  publication  of  15  volumes  has  been  authorized  by  the  Execu- 
tive Committee  during  the  year,  at  an  aggregate  estimated  cost  of 
Publications       $56,700.     The  following  list  gives  the  titles  and  names 
iss^edZduringd     °f  authors  of  the  publications  issued;  it  includes  17 
the  Year         volumes,  with  an  aggregate  of  4,520  octavo  pages  and 
2,089  quarto  pages.     Nine  additional  volumes  are  now  in  press. 
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List  of  Publications  issued  by  Carnegie  Institution  of  Washington 
during  the  year  ending  october  31,  1927 

Year  Book,  No.  25,  1926.     Octavo,  xrx+498  pp.,  2  pis.,  9  figs. 

Thirteenth  edition  of  an  illustrated  pamphlet  on  Scope  and  Organization  of  the  Carnegie 

Institution  of  Washington.     Octavo,  63  pp.,  32  figs. 
No.  175-VI.     Fisk,  H.  W.,  and  H.  U.  Sverdrup.     Land  Magnetic  and  Electric  Observa- 
tions,  1918-1926.      (Researches  of  the  Department  of  Terrestrial  Mag- 
netism.)    Quarto,  iv+524  pp.,  15  pis.,  41  figs. 
No.  247.     Barnard,  E.  E.     An  Atlas  of  Selected  Regions  of  the  Milky  Way.     Edited  by 

Edwin  B.  Frost,  assisted  by  Mary  R.  Calvert.     Quarto,  2  parts. 
Part  I.  The  Photographs,     vm+126  pages,  with  51  photographs. 
Part  II.  Diagrams  and  Tables,     vin+202  pages. 
No.  262.     Bergen,  Henry.     The  Fall  of  Princes,  by  John  Lydgate.     Edited  from  the  best 

Manuscripts,  with  Bibliographical    Introduction,    Notes   and    Glossary. 

Octavo. 
Part    IV.  Bibliographical  Introduction,  Notes  on  Text,   Index,    vin+529 

pp.,  2  pis.,  3  figs. 
No.  322-B.     Hay,  Oliver  P.     The  Pleistocene  of  the  Western  Region  of  North  America 

and  its  Vertebrated  Animals.     Octavo,  346  pp.,  12  pis.,  19  figs.,  21  maps. 
No.  330-11.     Hackett,  C.  W.     Historical  Documents  relating  to  New  Mexico,  Neuva 

Vizcaya,  and  Approaches  thereto,  to  1773.     Collected  by  Adolph  F.  A. 

Bandelier  and  Fanny  R.  Bandelier.    Octavo,  xn+497  pp.,  6  pis. 
No.  338-11.     Stock,  Leo  F.     Proceedings  and  Debates  of  the  British  Parliaments  respect- 
ing North  America.     1689-1702.     Octavo,  xv+564  pp. 
No.  346.     Contributions  to  Palaeontology  from  the  Carnegie  Institution  of  Washington. 

Additions  to  the  Palaeontology  of  the  Pacific  Coast  and  Great  Basin  Regions 

of  North  America.     Octavo,  158  pp.,  36  pis.,  12  figs. 
Kellogg,  Remington.     Study  of  the  Skull  of  a  Fossil  Sperm-Whale  from  the 

Temblor  Miocene  of  Southern  California. 
Kellogg,  Remington.     Fossil  Pinnipeds  from  California. 
Merriam,  John  C,  and  Chester  Stock.     A  Hyaenarctid  Bear  from  the  Later 

Tertiary  of  the  John  Day  Basin  of  Oregon. 
Chaney,  Ralph  W.     The  Geology  and  Palaeontology  of  the  Crooked  River 

Basin  with  Special  Reference  to  the  Bridge  Creek  Flora.    With  chapter  on 

the  Tertiary  Insects,  by  T.  D.  A.  Cockerell. 
Mason,  Herbert  L.     Fossil  Records  of  Some  West  American  Conifers. 
No.  353.     Tatlock,  J.  S.  P.,  and  Arthur  G.  Kennedy.     A  Concordance  to  the  Works  of 

Chaucer,  and  to  the  Roumant  of  the  Rose.    Quarto,  xin+1111  pages. 
No.  364.     Corner,  George  W.     Anatomical  Texts  of  the  Earlier  Middle  Ages:  A  Study  in 

the  Transmission  of  Culture,  with  a  Revised  Latin  Text  of  Anatomia 

Cophonis  and  Translations  of  Four  Texts.     Octavo,  122  pp.,  2  pis.,  1  fig. 
No.  371-11.     Bassett,    John    S.     Correspondence   of   Andrew   Jackson.     Octavo,  xxx+ 

449  pp. 
No.  375.     Case,  E.  C.     The  Environment  of  Tetrapod  Life  in  the  Late  Paleozoic  Regions 

other  than  North  America.     Quarto,  in +211  pp.,  23  figs. 
No.  376.     Sarton,  George.     Introduction  to  the  History  of  Science.     Octavo. 

Vol.  I.  From  Homer  to  Omar  Khayyam,     xi+839  pp. 
No.  377.     Benedict,  Francis  G.,  and  Ernest  G.  Ritzman.     The  Metabolism  of  the  Fasting 

Steer.     Octavo,  vm+246  pp.,  8  figs. 
No.  378.     Allen,  E.  T.,  and  Arthur  L.  Day.     Steam  Wells  and  other  Thermal  Activities  at 

"The  Geysers,"  California.     Octavo,  106  pp.,  34  figs.,  1  map. 
No.  380.     Contributions  to  Embryology,  Nos.  98  to  108,  Vol.  XIX.    Quarto,  in +300  pp., 

29  figs. 
Allen,   Edgar.     The    Menstrual    Cycle    of    the    Monkey,    Macacus    rhesus: 

Observations  on  Normal  Animals,  the  Effects  of  Removal  of  the  Ovaries 

and  the  Effects  of  Injections  of  Ovaries  and  Placental  Extracts  into  the 

Spayed  Animals.     (Contribution  No.  98.) 
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Contributions  to  Embryology — con't: 

Cuajunco,  Fidel.  Embryology  of  the  Neuromuscular  Spindle.  (Contribu- 
tion No.  99.) 

Streeter,  George  L.  Development  of  the  Mesoblast  and  Notochord  in  Pig 
Embryos.     (Contribution  No.  100.) 

Straus,  William  L.  jr.  Growth  of  the  Human  Foot  and  its  Evolutionary 
Significance.     (Contribution  No.  101.) 

Andersen,  Dorothy  H.  Lymphatics  of  the  Fallopian  Tube  of  the  Sow.  (Con- 
tribution No.  102.) 

Langworthy,  Orthello  R.  Correlate  Physiological  and  Morphological  Studies 
on  the  Development  of  Electrically  Responsive  Areas  in  the  Cerebral 
Cortex  of  the  Opossum.     (Contribution  No.  103.) 

Langworthy,  Orthello  R.  Histological  Development  of  Cerebral  Motor 
Areas  in  Young  Kittens  Correlated  with  their  Physiological  Reaction  to 
Electrical  Stimulation.     (Contribution  No.  104.) 

Wislocki,  George  B.  On  the  Placentation  of  the  Tridactyl  Sloth  Bradypus 
griseus,  with  a  Description  of  some  Characters  of  the  Fetus.  (Contri- 
bution No.  105.) 

Heuser,  Chester  H.  Study  of  the  Implantation  of  the  Ovum  of  the  Pig  from 
the  Stage  of  the  Bilaminar  Blastocyst  to  Completion  of  the  Fetal  Mem- 
branes.     (Contribution  No.  106.) 

Davis,  Carl  L.  Development  of  the  Human  Heart  from  its  First  Appear- 
ance to  the  Stage  Found  in  Embryos  of  20-paired  Somites.  (Contribu- 
tion No.  107.) 

Hartman,  Carl  G.  Observations  on  the  Ovary  of  the  Opossum,  Didelphis 
virginiana.     (Contribution  No.  108.) 
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Bibliography  of  Contributions  to  Knowledge  Relating  to  Work  of 
Investigators,  Associates  and  Collaborators  Issued  Through 
Channels  other  than  the  Publications  of  the  Carnegie  Insti- 
tution of  Washington. 

Adams,  M.     See  Sherman,  H.  C. 

Adams,  Walter  S.     Summary  of  the  year's  work  at  Mount  Wilson.     Pubs.  A.  S.  P.,  vol.  38, 

366-372  (1926). 
.  Mount  Wilson  Observatory  (Reports  of  Observatories).     Pubs.  Amer.  Astron.  Soc, 

vol.  4,  430-435  (1926) ;  Pop.  Astron.,  vol.  35,  94-99  (1927). 
,  and  Alfred  H.  Joy.     Relationship  of  spectral  type  to  period  among  variable  stars. 

Proc.  Nat.  Acad.  Sci.,  vol.  13,  391-393  (1927);  Mt.  Wilson  Communications,  No.  99. 
, .     High-dispersion  stellar  spectra  and  some  results  of  a  study  of  y  Cygni.     Proc. 

Nat.  Acad.  Sci.,  vol.  13,  393-396  (1927) ;  Mt.  Wilson  Communications  No.  100. 
,  .     The  identification  of  certain  enhanced  lines  in  the  spectra  of  y  Cygni  and   a 

Cygni.     Pubs.  A.  S.  P.,  vol.  38,  322-324  (1926). 
, ,  and  Milton  L.  Humason.     Absolute  magnitudes  and  parallaxes  of  410  stars  of 

type  M.     Astrophys.  Jour.,  vol.  64,  225-242  (1926) ;  Mt.  Wilson  Contr.,  No.  319. 
■ ,  ,  .     Spectral  types,  absolute  magnitudes  and  spectroscopic  parallaxes  of 

412  M-type  stars.     (Abstract)  Pubs.  A.  S.  P.,  vol.  38,  257-258  (1926). 

Absolute  magnitudes  and  parallaxes  of  412  M-type  stars.     (Abstract) 


Pubs.  Amer.  Astron.  Soc,  37th  meeting,  Philadelphia  (1926);  Pop.  Astron.,  vol.  35,  135-136 

(1927). 
Albrecht,  Sebastian.     On  convection  currents  in  Class  B  stars.     (Abstract)   Pop.  Astron., 

vol.  34,  548  (1926). 
Allen,  E.,  C.  Dupre  and  C.  Hartman.     Effect  of  placental  and  follicular  extract  upon  the 

phenomena  of  oestrus,  with  special  reference  to  the  mammary  glands  (opossum).     Anat. 

Record,  vol.  32,  226  (1926). 
Allen,  Ezra.     Notes  on  technic.     Stain  Technology,  vol.  2,  No.  2  (Apr.  1927). 
.  Maturation  in  the  parthenogenetic  egg  of  the  Cladoceran  Moina  macrocopa.     Anat. 

Record,  vol.  34,  No.  3,  144-145  (Dec.  1926). 
See  MacDowell,  E.  Cahleton. 


Anderson,  J.  A.     The  use  of  long-focus  concave  gratings  at  eclipses.     Pubs.  A.  S.  P.,  vol.  38, 

239-241  (1926). 
,  and  Sinclair  Smith.     General  characteristics  of  electrically  exploded  wires.     Astrophys. 

Jour.,  vol.  64,  295-314  (1926);  Mt.  Wilson  Contr.,  No.  323. 
Andervont,  H.  B.     See  Lewis,  M.  R. 
Ault,  J.  P.     Problems  in  terrestrial  magnetism  and  atmospheric  electricity  pertaining  to  the 

Aleutian  Islands.     Bull.  Nat.  Research  Council,  vol.  11,  131-133  (Nov.  1926). 
.     Discussion  of  "Modern  methods  in  sea  and  air  navigation"  by  Radler  de  Aquino. 

U.  S.  Naval  Inst.  Proc,  vol.  53,  338-339  (Mar.  1927). 

Oceanographic  investigations  on  the  next  cruise  of  the  Carnegie.     Bull.  Nat.  Research 


Council  No.  61,  198-204  (July  1927). 

Aurousseau,  M.  Analyses  of  three  Australian  rocks.  Proc.  Linnean  Soc.  N.  S.  Wales,  vol. 
51,  614-626  (1926). 

.     See  Washington,  H.  S. 

Babcock,  Harold  D.  A  study  of  the  infra-red  solar  spectrum  with  the  interferometer.  Astro- 
phys. Jour.,  vol.  65,  140-162  (1927);  Mt.  Wilson  Contr.,  No.  328. 

.     Study  of  the  infra-red  solar  spectrum   with  the  interferometer.     (Abstract)    Phys. 

Rev.,  vol.  29,  748  (1927);  read  at  Los  Angeles  meeting,  Amer.  Phys.  Soc.  (1927). 

Badger,  Richard  M.  Absolute  intensities  in  the  hydrogen  chloride  rotation  spectrum.  Proc. 
Nat.  Acad.  Sci.,  vol.  13,  408-413  (1927). 

.     A  new  sputtering  apparatus.     Jour.  Opt.  Soc.  Amer.  &  Rev.  Scientific  Instruments, 

vol.  13,  513-515  (1926). 

Bagley,  C.  jr.,  and  O.  R.  Langworthy.  The  forebrain  and  midbrain  of  the  alligator  with 
experimental  transactions  of  the  brain  stem.  Arch.  Neurol,  and  Psych.,  vol.  16,  3-16 
(1926). 

Banker,  Howard  K.  The  competitive  factor  in  skewness.  Jour.  Amer.  Statis.  Assoc,  vol. 
22,  No.  157,  9-21  (Mar.  1927). 

Banta,  Arthur  M.,  and  Thelma  R.  Wood.  Studies  on  Cladocera  mutations  in  partheno- 
genesis and  in  sexual  reproduction.     Anat.  Record,  vol.  34,  No.  3,  168  (Dec.  1926). 

.     See  Wood,  Thelma  R. 

Barus,  Carl.  Acoustic  pressures  in  case  of  soap  bubbles.  Proc.  Nat.  Acad.  Sci.,  vol.  12, 
480-482  (1926). 
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Bakus,  Carl.     Acoustic   pressure   promoted   by   cooperating  quill   tubes.     Proc.    Nat.  Acad. 

Sci.,  vol.  12,  482-486  (1926). 
.     Pinhole  probe  record  of  the  close  organ  pipe.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  52-56 

(1927). 

.     Experiments  with  massive  air  columns.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  87-91  (1927). 

.     Measurements  with  cylindrical  air  columns.     Proc.  Acad.  Nat.  Sci.,  vol.  13,  223-227 

(1927). 
.     Linear  elements  of  the  electromagnetic  pinhole  graphs.     Proc.  Nat.  Acad.  Sci.,  vol.  13, 


313-315  (1927). 

— .     Efficiency  of  pinhole  probes.     Science,  vol.  65,  329-331  (1927). 
The  electric  wind.     Science,  vol.  65,  448-450  (1927). 


Bateman,  Harry.     Algebraic  and  transcendental  equations  connected  with  the  form  of  stream 

lines.     Amer.  Jour.  Math.,  vol.  48,  277-297  (1926). 
.     A  possible  connection  between  the  wave  theory  of  matter  and  electro-magnetism. 

Nature,  vol.  118,  839-840  (1926). 
.     Local  electromagnetic  fields.     Proc.  Edinburgh  Math.  Soc,  vol.  85-89  (Session  1925- 

1926). 

Lagrangian  functions  and  Schrodinger's  rule.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  326- 


330  (1927). 
Bauer,  Louis  A.     Magnetic  declination  in  Kent  County.     Md.  Geol.  Surv.,  Kent  Co.,  157- 

160  (1926). 
.     Magnetic  declination  in  Queen  Anne's  County.     Md.  Geol.  Surv.,  Queen  Anne's  Co., 

155-159  (1926). 

.     Magnetic  declination  in  Talbot  County.     Md.  Geol.  Surv.,  Talbot  Co.,  159-162  (1926). 

.     Preliminary  report  on  comparisons  of  magnetic  instruments.     Bull.  6,   Sect.  Terr. 

Mag.  and  Electr.,  Internat.  Geod.  Geophys.  Union,  1-2  (Nov.  1926). 
.     Recent  solar  and  magnetic  activity.     (Abstract)  Pop.  Astron.,  vol.  34,  549-550  (Nov. 

1926). 
.     Cosmic  aspects  of  atmospheric  electricity.     Science,  vol.  65,  314-316  (Apr.  1,  1927); 

(abstract)  Phys.  Rev.,  vol.  29,  371-372  (Feb.  1927). 

.     Atmospheric  electricity.     Nature,  vol.  119,  457  (Mar.  26,  1927). 

.     Note  on  the  activity  of  the  Sun  and  the  Earth's  magnetism.     Bull.  Obs.  Lyon,  vol.  9, 

102-103  (Apr.  1927). 
.     Need  of  magnetic  and  electric  data  in  Polar  Regions.     Petermanns  Mitt.,  Erganzungs- 

heft  No.  191,  47-51  (1927). 
.     Sunspots  and  magnetic  and  electric  disturbances.     Bull.  Nat.  Research  Council  No. 

61,  129-132  (July  1927). 

and  C.  R.  Duvall.     Studies  concerning  the  relation  between  the  activity  of  the  Sun 


and  of  the  Earth's  magnetism,  No.  III.     Terr.  Mag.,  vol.  31,  97-101  (Sept.  1926). 
Baxter,  Warren  P.     See  Dalton,  Robert  H;  Glockler,  George. 
Belling,  John.     The  attractions  of  the  ends  of  chromosomes  in  trivalents  and  quadrivalents. 

Nature,  vol.  118,  228-229  (Aug.  1926). 
.     The  number  of  chromosomes  in  the  cells  of  cancerous  and  other  human  tumors.     Jour. 

Amer.  Med.  Assoc,  vol.  88,  396  (Feb.  1927). 
.     Multiple   chromosomes  and   reduction   divisions  in  flowering  plants.     Nature,   voL 

119,  122  (Jan.  1927). 
.     The  nodes  at  the  reduction  division  in  bivalents  of  Hyacinthus.      Nature,  vol.  119, 

527-552  (Apr.  1927). 
.     Configurations  of  bivalents    of    Hyacinthus  with  regard   to  segmental  interchange. 

Biol.  Bull.,  vol.  52,  No.  6,  480-487  (June  1927). 
Benedict,  Cornelia  Golay,  and  Francis  G.  Benedict.     The  nature  of  the  "perspiratio 

insensibilis."     Skand.  Arch.  f.  Physiol.,  vol.  49,  89  (1926). 
Benedict,  Francis  G.     Etudes  recentes  sur  le  metabolisme  humain  et  animal.     Bull.  Soc.  Sci. 

d'Hygiene  Alimen.,  vol.  15,  172-218. 

.     The  basal  metabolism  of  steers.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  132-136  (1927). 

.     Metabolism  stimulus  of  food  in  the  case  of  steers.     Proc.  Nat.  Acad.  Sci.,  vol.  13, 

136-140  (1927). 
.     Neuere  Stoffwechseluntersuchungen  an   Mensehen  und  Tieren.     Verhandl.  d.  phys.- 

med.  Gesellschaft  zu  Wurzburg,  vol.  51,  116-117  (1926). 
,     and  Cornelia  Golay  Benedict.     The  nature  of  the  insensible  perspiration.     Proc. 

Nat.  Acad.  Sci.,  vol.  13,  364-369  (1927). 
,  and  Ernest  G.  Ritzman.     The  fasting  of  large  ruminants.     Proc.  Nat.  Acad.  Sci.,  vol. 


13,  125-131  (1927). 
— ,  and  Howard  F.  Root.     Insensible  perspiration:  Its  relation  to  human  physiology  and 

pathology.     Arch.  Intern.  Med.,  vol.  38,  1-35  (1926). 
— .     See  Benedict,  Cornelia  Golay. 


CARNEGIE   INSTITUTION   OF  WASHINGTON 

Bilicke,  Constant.     See  Hendricks,  Sterling  B. 

Bihchby,  N.  W.     White-light  interference  fringes  with  a  thick  glass  plate  in  one  path:  Part  II. 

Proc.  Nat.  Acad.  Sci.,  vol.  13,  216-221  (1927). 
Bjerknes,  V.     Solar  hydrodynamics.     Astrophys.  Jour.,  vol.  64,  93-121   (1926) ;  Mt.  Wilson 

Contr.,  No.  312. 
Blakeslee,   A.   F.     The   chromsomal   constitution   of  Nubbin,  a  compound   (2n-f-l)  type  in 

Datura.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  No.  2,  79-85  (Feb.  1927). 
.     A  paradise  for  plant  lovers.     The  biological  station  at  Alto  de  Serra,  Brazil.     Sci. 

Monthly,  vol.  25,  No.  1,  5-18  (July  1927). 
,  and  J.  L.  Cartledge.     Pollen  abortion  in  hybrids  between  selected  biotypes  in  Datura. 

Anat.  Record,  vol.  34,  No.  3,  174-175  (Dec.  1926). 
See  Buchholz,  J.  T.;  Gager,  G.  S.;  Satina,  S. 


Bowen,  I.  S.     Series  spectra  of  boron,  carbon,  nitrogen,  oxygen  and  flourine.     Phys.  Rev.,  vol. 

29,  231-247  (1927). 

.     Series  spectra  of  ionized  phosphorous,  Pn.     Phys.  Rev.,  vol.  29,  510-512  (1927). 

.     Vacuum  spectroscopy.     Jour.  Opt.  Soc.  Araer.  &  Rev.  Scientific  Instruments,  vol.  13, 

89-93  (1926). 
,  and  S.  B.  Ingram.     Wave-length  standards  in  the  extreme  ultra-violet  spectra  of  carbon, 

nitrogen,  oxygen  and  aluminum.     Phys.  Rev.,  vol.  28,  444-448  (1926). 
,  and  R.  A.  Millikan.     Series  spectra  of  beryllium  Bei  Ben.     Phys.  Rev.,  vol.  28,  256- 


258  (1926). 


(1926). 


Stripped  yttrium  (Ym)  and  zirconium  (Zrrv).      Phys.  Rev.,  vol.  28,  923-926 


, .     The  ionization  potential  of  On.     Nature,  vol.  118,  410  (1926). 

Bowen,  N.  L.     Carbonate  rocks  of  the  Fen  area  in  Norway.     Amer.  Jour.  Sci.,  vol.  12,  499-502 

(1926). 
.     Die  Carbonatgesteine  des  Fengebietes  in  Norwegen.     Centrbl.  Min.  Geol.,  Abt.  A, 

241-245  (1926). 
.     An  analcite-rich  rock  from  the  Deccan  traps  of  India.     Jour.  Wash.  Acad.  Sci.,  vol.  17, 

57-59  (1927). 

See  Morey,  G.  W. 


Breit,  G.     A  suggestion  of  an  explanation  of  the  long  life  of  metastable  ions.     (Abstract) 

Phys.  Rev.,  vol.  29,  361  (Feb.  1927). 

.     The  length  of  light  quanta.     Nature,  vol.  119,  280-281  (Feb.  19,  1927). 

.     Unidirectional  quanta  in  wave  mechanics.     Jour.  Opt.  Soc.  Amer.,  vol.  14,  374-380 

(May  1927). 
.     A  suggestion  of  a  connection  between  radio  fading  and  small  fluctuations  in  the  Earth's 

magnetic  field.     Bull.  Nat.  Research  Council  No.  61,  150-158  (July  1927). 
-,  A.  E.  Ruark  and  F.  G.  Brickwedde.     Frequency  changes  of  light  and  quantum  theory. 


Phil.  Mag.,  vol.  3,  1306-1314    (June  1927). 
Brewer,  A.  Keith.     Ionization  in  reacting  gases.     Proc.  Nat.  Acad.  Sci.,  vol.  12,  560-564(1926). 
Brickwedde,  F.  G.     See  Breit,  G. 
Brink,  R.  A.,  and  J.  H.  MacGillivray  and  M.  Demerec.     Effect  of  waxy  gene  in  maize 

pollen — a  reply  to  criticism.     Genetics,  vol.  11,  No.  1,  38-40  (Jan.  1926). 
Brown,  J.  A.     See  van  Maanen,  Adriaan. 
Bruner,  William  E.     See  Weaver,  John  E. 
Buchholz,  J.  T.,  and  A.  F.  Blakeslee.     Abnormalities  in  pollen-tube  growth  in  Datura  due  to 

the  gene  "tricarpel."     Anat.  Record,  vol.  34,  No.  3,  175  (Dec.  1926). 
,  .     Abnormalities  in  pollen-tube  growth  in  Datura  due  to  the  gene  "tricarpel." 

Proc.  Nat.  Acad.  Sci.,  vol.  13,  No.  4,  242-249  (Apr.  1927). 
Cairns,  J.  E.  I.     A  statistical  study  of  the  effects  of  the  atmospheric-electric  elements  on  broad- 
cast reception.     Terr.  Mag.,  vol.  32,  11-16  (Mar.  1927). 
.     Experimental  confirmation  of  the  influence  of  a  low-resistivity  layer  subsoil  on  the 

forward  inclination  of  radio  waves.     Jour.  Wash.  Acad.  Sci.,  vol.  17,  264-269  (May  19, 

1927). 
Caldwell,  M.  L.     See  Sherman,  H.  C. 
Cannon,  Helen  C.     Formules  de  differents  types  de  regime  et  m6thodes  de  preparation  des 

aliments  employes  pour  les  experiences  de  nutrition  sur  le  rat.     Bull,  de  la  Societ6  scienti- 

fique  d'Hygiene  alimentaire,  vol.  14,  339-365  (1926). 
Carpenter,  Thorne  M.     Composition  of  the  urine  of  steers  as  affected  by  fasting.     Amer. 

Jour.  Physiol.,  vol.  81,  519-551  (1927). 
,  and  Edward  L.  Fox.     Absence  of  stratification  and  rapidity  of  mixing  of  carbon  dioxide 

in  air  samples.     Jour.  Biol.  Chem.,  vol.  73,  379-381  (1927). 

A  gas-analysis  apparatus  modified  for  the  determination  of  methane  in  metab- 


olism experiments.     Jour.  Biol.  Chem.,  vol.  70,  115-121  (1926). 


U 


REPORT    OF  THE    PRESIDENT,    1927 

Cahter,  Edna.     See  King,  Arthur  S. 

Cartledge,  J.  L.     See  Blakeslee,  A.  F. 

Chamberlin,  T.  C.     Intrageology-elastasy  vs.  isostasy.     Jour.  Geol.,  vol.  35,  89-94  (1927). 

.     Working  concepts  appropriate  to  an  earth  of  planetesimal  origin.     (Abstract)     Bull. 

Geol.  Soc.  Amer.,  vol.  28,  129-130  (1927). 

The  growth  of  the  earth.     Scientia,  vol.  62,  117-127  (1927). 


Chandler,  Seth  C.     Fifty-seven  additional  Chandler-Pond  stars  (compiled  by  H.  Raymond). 

Astron.  Jour.,  vol.  37,  93-97  (1927). 
Chaney,  Ralph  W.     Bearing  of  palseobotany  on  habitat  conditions  in  Mongolia.     Nat.  Hist., 

vol.  26,  No.  5,  532  (1926). 
Chase,  Carl  T.     Repetition  of  Trouton-Noble  ether-drift  experiment.     Phys.  Rev.,  vol.  28, 

378-383  (1926). 
Conners,  J.  L.     See  Harris,  J.  Arthur. 

Cuajunco,  F.     Embryology  of  the  neuromuscular  spindles.     Anat.  Record,  vol.  35,  8-9  (1927). 
Cuyler,  W.  K.     See  Hartman,  C. 
Daily,  Charles  E.     See  Mott-Smith,  Lewis  M. 
Dalton,  Robert  H.,  and  Warren  P.  Baxter.     Velocity  distribution  of  electrons  issuing  from 

small  holes.     Phys.  Rev.,  vol.  29,  248-251  (1927). 

.     See  Glocker,  George. 

Davenport,  Charles  B.     Nature  of  hereditary  mental  defect.     Proc.  50th  Ann.  Session,  Amer. 

Assoc,  for  Study  of  Feeble-Minded;  Jour.  Psycho-Asthenics,  vol.  31,  196-202  (1926). 

.     Heredity  of  disease.     Jour.  Amer.  Med.  Assoc,  vol.  87,  664-667  (Aug.  1926). 

.     Human  growth  curve.     Jour.  Gen.  Physiol.,  vol.  10,  No.  2,  205-216  (Nov.  1926). 

.     Heredity  of  human  eye  color.     Bibliographia  Genetica,  vol.  3,  443-463  (1927). 

.     Measurement  of  men.     Amer.  Jour.  Phys.  Anthrop.,  vol.  10,  No.  1,  65-70  (Jan. -Mar. 

1927). 

.     Heredity  in  body-build.     Sunday  Mag.,  N.  Y.  Herald-Tribune  (1927). 

,  and  E.  G.  Ritzman.     Some  wool  characters  and  their  inheritance.     Tech.  Bull.  No.  31, 

1-58  (July  1926). 

and  W.  W.  Swingle.     Effects  of  operations  upon  the  thyroid  glands  of  female  mice  on 


the  growth  of  their  offspring.     Anat.  Record,  vol.  34,  No.  3,  109  (Dec.  1926). 
Davis,  C.  L.     Early  stages  of  the  formation  of  the  human  pericardial  cavity.     Anat.  Record, 

vol.  35,  9  (1927). 
Day,  Arthur  L.     Some  causes  of  volcanic  activity.     Smithsonian  Report  for  1925,  257-270 

(1926). 

.     See  Allen,  E.  T. 

De  Garis,  C.  F.     Experimental  studies  on  retarded  development  of  the  single  cell — Paramecium 

caudatum.     Anat.  Record,  vol.  35,  33-34  (1927). 
Demerec,  M.     Heritable  characters  of  maize.     XXV:  Piebald  seedlings.     Jour.  Hered.,  vol.  17, 

No.  8,  300-306  (Aug.  1926). 
.     Miniature  alpha :  A  second  frequently  mutating  character  in  Drosophila  virilis.     Proc. 

Nat.  Acad.  Sci.,  vol.  12,  No.  12,  687-690  (Dec.  1926). 
.     Magenta-alpha:  A  third  frequently  mutating  character  in  Drosophila  virilis.     Proc. 

Nat.  Acad.  Sci.,  vol.  13,  No.  4,  249-253  (Apr.  1927). 
.     Effect  of  selection  on  the  frequency  of  mutation  of  the  gene  for  miniature  alpha  in 

Drosophila  virilis.     Anat.  Record,  vol.  34,  No.  3,  169  (Dec.  1926). 
See  Brink,  R.  A. 


Dennis,  L.  M.     See  Wyckoff,  Ralph  W.  G. 

Dickinson,  Roscoe  G.     Die  Symmetric  und  der  Elementarbereich  von  Zinntetrajodid.     Zeit. 

f.  Kristal.,  vol.  64,  400-404  (1927). 
,  and  Allan  C.  G.  Mitchell.     Decomposition  of  ammonia  by  optically  excited  mercury 

vapor.     Proc.  Nat.  Acad.  Sci.,  vol.  12,  692-696  (1926). 

See  Hendricks,   Sterling  B.;   Kirkpatrick,   Merle;   Mitchell,   Allan  C.   G.; 


Tolman,  Richard  C. 
Dunn,  Hugh  K.     Changes  in  the  photo-electric  threshold  of  mercury.     Phys.  Rev.,  vol.  29, 

093-700  (1927). 
Dupre,  C.     See  Allen,  E. 
Duvall,  C.  R.     Memorandum  on  the  uncertainty  in  the  amplitudes  and  phase-angles  of  Fourier 

terms.     Terr.  Mag.,  vol.  32,  65-68  (June  1927). 

.     See  Bauer,  Louis  A. 

Eckart,  Carl.     Hydrogen  spectrum  in  the  new  quantum  theory.     Phys.  Rev.,  vol.  28,  927-935 

(1926). 
.     Note  on  the  correspondence  principle  in  the  new  quantum  theory.     Proc.  Nat.  Acad. 

Sci.,  vol.  12,  684-686  (1926). 


CARNEGIE    INSTITUTION   OF   WASHINGTON 

Eckart,  Carl.     Operator  calculus  and  the  solution  of  the  equation  of  quantum  dynamics. 

Phys.  Rev.,  vol.  28,  711-726  (1926). 
.     Solution  of  the  problem  of  the  simple  oscillator  by  a  combination  of  the  Schroedinger 

and  the  Lanczos  theories.     Proc.  Nat.  Acad.  Sci.,  12,  473-476  (1926). 

Reflection  of  electrons  from  crystals.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  460-462  (1927). 


Ehrenfest,  P.,  and  P.  S.  Epstein.     Remarks  on  the  quantum  theory  of  diffraction.     Proc. 

Nat.  Acad.  Sci.,  vol.  13,  40Q-408  (1927). 
Elders,  A.  T.     See  Harris,  J.  Arthur. 
Eliot,  C.     Origin  of  the  phagocytic  cells  in  the  rabbit.     Bull.  Johns  Hopkins  Hosp.,  vol.  39, 

149-157  (1926);  see  also,  Editorial,  Jour.  Amer.  Med.  Assoc,  vol.  87,  1306-1307  (1926). 
Epstein,  Paul  S.     On  the  evaluation  of  certain  integrals  important  in  the  theory  of  quanta. 

Proc.  Nat.  Acad.  Sci.,  vol.  12,  629-633  (1926). 

.     Schrodinger's  quantum  theory  and  the  stark  effect.     Nature,  vol.  118,  444  (1926). 

.     Second-order  stark  effect  in  hydrogen.     Science,  vol.  64,  621-622  (1926). 

.     Stark  effect  from  the  point  of  view  of  Schrodinger's  quantum  theory.     Phys.  Rev., 

vol.  28,  695-710  (1926). 
.     Magnetic  dipole  in  undulatory  mechanics.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  232-237 

(1927). 
.     The  new  quantum  theory  and  the  Zeeman  effect.     Proc.  Nat.  Acad.  Sci.,  vol.  12, 

634-638  (1926). 
.     The  dielectric  constant  of  atomic  hydrogen  in  undulatory  mechanics.     Proc.   Nat. 

Acad.  Sci.,  vol.  13,  432-438  (1927). 
.     Two  remarks  on  Schrodinger's  quantum  theory.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  94-96 

(1927). 

See  Ehrenfest,  P. 


Estabrook,   A.    H.     Blood   seeking   environment.     Presidential   address;   Eugenics   Research 

Association  1926;  Eugen.  News,  vol.  11,  No.  8,  106-114  (Aug.  1926). 
Evers,  C,  and  C.  Hartman.     Sources  of  stimuli  regulating  the  growth  of  the  mammary  glands 

in  the  opossum.     Anat.  Record,  vol.  35,  11  (1927). 
Fenner,  Clarence  N.     Magmatic  problems  of  the  Aleutians.     Bull.  Nat.  Research  Council 

No.  41  (vol.  11,  part  2),  124-127  (1926). 

.     The  Katmai  magmatic  province.     Jour.  Geol.,  vol.  34,  673-772  (1926). 

.     An  unusual  occurrence  of  albite.     Amer.  Mineral.,  vol.  11,  255-259  (1926). 

Fisk,  H.  W.     Some  preliminary  results  of  diurnal-variation  of  magnetic  inclination  at  field 

stations  in  South  America.     Terr.  Mag.,  vol.  31,  165-176  (Dec.  1926). 
Fleming,  J.  A.     Latest  annual  values  of  the  magnetic  elements  at  observatories.     Terr.  Mag., 

vol.  32,  27-30  (Mar.  1927). 
.     L'exploration  magn6tique  et  electrique  de  la  Terre.     Ses  aspects  physiques  et  cos- 

miques  et  ses  progres.     Rev.  gen.  Sci.,  vol.  37,  454-467  (1926). 

Improvements  in   magnetographs   and   variometers  for  observatory   and   field   use. 


Bull.  Nat.  Research  Council,  vol.  11,  81-86  (Nov.  1926). 
Fox,  Edward  L.     See  Carpenter,  Thorne  M. 
Gage,  J.  M.     See  Simon,  A.  W. 
Gager,  G.  S.,  and  A.  F.  Blakeslee.     Chromosome  and  gene  mutations  in  Datura  following 

exposure  to  radium  rays.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  No.  2,  75-79  (Feb.  1927). 
Gibson,  R.  E.     The  system  sodium  sulphite-water.     I:  The  densities  and  specific  volumes  of 

aqueous  solutions  of  sodium  sulphate  between  25  and  40,  and  the  Active  volumes  of  sodium 

sulphate  in  solution.     Jour.  Phys.  Chem.,  vol.  31,  496-510  (1927). 
Gish,  O.  H.     Improved  equipment  for  measuring  earth-current  potentials  and  earth-resistivity. 

Bull.  Nat.  Research  Council,  vol.  11,  86-91  (Nov.  1926). 
.     Possible  relations  between  earth-currents,  earth-resistivity,  and  some  radio  phenomena. 

Bull.  Nat.  Research  Council  No.  61,  179-183  (1927). 

.     See  Rooney,  W.  J. 

Glockler,  George.     Activation  of  molecular  hydrogen  by  electron  impact.     Science,  n.  s.,  vol. 

64,  505-506  (1926). 
.     Critical  potential  measurements:  A  correction  for  high  emission  currents.     Science, 

n.  s.,  vol.  64,  580  (1926). 
,  Warren  P.  Baxter  and  Robert  H.  Dalton.     Activation  of  molecular  hydrogen  by 

electron  impact.     Jour.  Amer.  Chem.  Soc,  vol.  49,  58-65  (1927). 

Electrical  conductivity  of  liquid  cyanogen  bromide.     Proc.  Nat.  Acad.  Sci.,  vol.  12, 


522-523  (1926). 
Goddard,  R.  H.     Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory 

for  April  to  June  1926.     Terr.  Mag.,  vol.  31,  133  (Sept.  1926). 
.     Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory,  July  to 

September  1926.     Terr.  Mag.,  vol.  31,  190  (Dec.  1926). 


REPORT   OF   THE    PRESIDENT,    1927 

Goddard,  R.  H.     Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory, 

October  to  December  1926.     Terr.  Mag.,  vol.  32,  37  (Mar.  1927). 
.     Principal  magnetic  storms  and  earthquake  disturbances  recorded  at  the  Huancayo 

Magnetic  Observatory,  January  1-31,  1927.     Terr.  Mag.,  vol.  32,  89  (June  1927). 
Gregory,  W.  K.     See  Kellogg,  Remington. 

Greig,  J.  W.     Immiscibility  in  silicate  melts.     Amer.  Jour.  Sci.,  vol.  13,  1-44,  133-154  (1927). 
Hale,  George  E.     Beyond  the  Milky  Way.     Charles  Scribner's  Sons,  105  +xv  pages  (1926). 
.     Some  new  possibilities  in  solar  research.     Nature,  vol.   118,  Suppl.  for  July  3,   1-8 

(1926). 

.     Observations  with  the  spectrohelioscope.     Nature,  vol.  118,  420-421  (1926). 

.     The  fields  of  force  in  the  atmosphere  of  the  sun.     Nature,  vol.  119,  708-714  (1927). 

.     The  spectrohelioscope.     Observatory,  vol.  49,  372  (1926). 

.     Solar  tornadoes.     Natural  History,  vol.  26,  363-377  (1926). 

— .     Beyond  the  Milky  Way.     Scribner's  Mag.,  vol.  80,  276-291  (1926). 

The  Huntington  Library  and  Art  Gallery:  The  new  plan  of  research.     Scribner's  Mag., 


vol.  82,  31-43  (1927). 
Hall,  H.  M.     Laya,  nom  generique  propose  comme  addition  a  la  liste  des  nomina  generica 

conservanda.     Candollea,  vol.  2,  515-519  (1926). 
Halpert,  B.     The  arteriomesenteric  occlusion  of  the  duodenum.     Bull.  Johns  Hopkins  Hosp., 

vol.  38,  409-422  (1926). 
.     A  note  on  the  distribution  of  blood-vessels  in  the  wall  of  the  human  gall  bladder. 

Anat.  Record,  vol.  35,  38  (1927). 

.     Complete  situs  inversus  of  the  vena  cava  superior.     Anat.  Record,  vol.  35,  38  (1927). 

-,  and  H.  L.  Sampson.     A  roentgen-anatomical  study  of  the  colon  on  one  hundred  and  fifty 


patients  with  pulmonary  tuberculosis.     Amer.  Jour.  Roent.  and  Radium  Therapy,  vol.  17, 

253-266  (1927). 
Hammar,  G.  W.     A  possible  explanation  of  the  "Glaser  effect."      Proc.  Nat.  Acad.  Sci.,  vol.  12, 

597  (1926). 
.     A  preliminary  report  on  the  magnetic  susceptibilities  of  some  gases.     Proc.  Nat.  Acad. 

Sci.,  vol.  12,  549-596  (1926). 
Harradon,  H.  D.     List  of  recent  publications.     Terr.  Mag.,  vol.  31,  138-144  (Sept.  1926);  164, 

200  (Dec.  1926);  vol.  32,  43-48  (Mar.  1927). 
Harris,  J.  Arthur.     Relationship  between  the  concentration  of  the  soil  solution  and  the  physico- 
chemical  properties  of  the  leaf-tissue  fluids  of  Egyptian  and  Upland  cotton.     Jour.  Agri. 

Res.,  vol.  32,  605-657  (1927). 
.     On  the  elimination  of  symmetry  as  a  source  of  spurious  values  of  the  field  heterogeneity 

coefficient.     Minn.  Studies  in  Biol.  Sci.,  No.  6,  343-350  (1927). 
.     Application  of  certain  statistical  criteria  in  the  problem  of  seedling  mortality.     Proc. 

Soc.  Exper.  Biol,  and  Med.,  vol.  24,  534-536  (1927). 
.     Monthly  egg  records  of  birds  which  die  during  the  first  laying  year.     Poultry  Science, 

vol.  6,  1-8  (1926). 
.     Further  studies  on  the  monthly  egg  record  of  birds  which  die  during  the  first  laying 

year.     Poultry  Science,  vol.  6,  215-224  (1927). 
.     Calculations  of  moments  about  the  mean  as  origin.     Jour.  Amer.  Stat.  Assoc,  vol.  22, 

75-78  (1927). 
,  I.  L.  Conners,  A.  T.  Elders  and  L.  E.  Kirk.      On  the  regression  of  soil  properties  and 

crop  characters  in  associated  plots  of  an  experimental  field.     Minn.  Studies  in  Biol.  Sci., 

No.  6,  351-371   (1927). 
Hartman,  C.     Postpubertal  oogenesis  in  the  opossum.     Anat.  Record,  vol.  32,  209  (1926). 
.     Polynuclear  ova  and  polyovular  follicles  in  the  opossum  and  other  mammals,  with 

special  reference  to  the  problem  of  fecundity.     Amer.  Jour.  Anat.,  vol.  37,  1-51  (1926). 
.     Two  cases  of  pathological  ovaries  with  death  of  fetuses  in  utero;  adrenal  cortex  in 


ovary  (opossum).     Anat.  Record,  vol.  32,  233  (1926). 
— .     Menstruation  without  ovulation  in  Macacus  rhesus:  Account  of  an  experiment.     Anat. 

Record,  vol.  35,  13  (1927). 
.     A  case  of  supernumerary  nipple  in  Macacus  rhesus,  with  remarks  upon  the  biology  of 

polymastia  and  polythelia.     Jour.  Mammalogy,  vol.  8,  96-106  (1927). 
,  and  W.  K.  Cuyler.     Is  the  supposed  long  life  of  the  bat  spermatozoa  fact  or  fable?    Anat. 

Record,  vol.  35,  39  (1927). 

See  Allen,  E.;  Evers,  C. 


Hendricks,  Sterling  B.,  and  Constant  Bilicke.  Space-group  and  molecular  symmetry  of 
/3-benzine  hexabromide  and  hexachloride.  Jour.  Amer.  Chem.  Soc,  vol.  48,  3007-3015 
(1926). 

,  and  Roscoe  G.  Dickinson.     Crystal  structures  of  ammonium,  potassium  and  rubidium 

cupric  chloride  di-hydrates.     Jour.  Amer.  Chem.  Soc,  vol.  49,  2149-2162  (1927). 


CARNEGIE    INSTITUTION   OF   WASHINGTON 

Hendricks,    Sterling   B.,    and    Linus   Pauling.     Die   Struktureinheit  und  Raumgruppen- 
symmetrie  von  /3-Aluminiumoxyd.     Zeit.  f.  Kristal.,  vol.  64,  303-308  (1926). 

,  and  Ralph  W.  G.  Wyckoff.     The  positions  of  the  K-absorption  limits  of  vanadium  in 

various  of  its  compounds.     Jour.  Phys.  Chem.,  vol.  31,  703-712  (1927). 

The  space  group  of  aluminum  metaphosphate.     Amer.  Jour.  Sci.,  vol.  13, 


491-496  (1927). 

See  Wyckoff,  Ralph  W.  G. 


Heuser,  C.  H.     Certain  hitherto  undescribed  forms  of  epithelial  invaginations  occurring  in  the 

chorion  of  the  pig.     Anat.  Record,  vol.  35,  39  (1927). 
Hines,  N.     Nerve  and  muscle.     Quart.  Rev.  Biol.,  vol.  2,  149-180  (1927). 
Hoppe,  Ella  N.     See  Metz,  Charles  W. 
Houston,  William  V.     The  fine  structure  and  the  wave-lengths  of  the  Balmer  Lines.     Astrophys. 

Jour.,  vol.  44,  81-92  (1926). 
.     The  fine  structure  of  the  helium  arc  spectrum.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  91-93 

(1927). 

A  compound  interferometer  for  fine  structure  work.     Phys.  Rev.,  vol.  29,  478-484 


(1927). 
Hubble,   Edwin.     Extra-galactic  nebula?.     Astrophys.   Jour.,    vol.   64,   321-369    (1926);    Mt. 

Wilson  Contr.,  No.  324. 
.     Non-galactic    nebulae.     I:    Classification    and    apparent    dimensions    (abstract);    II: 

Absolute  dimensions  and  distribution  in  space  (abstract).     Pubs.  A.  S.  P.,  vol.  38,  258-260 

(1926). 
Huber,  E.     Comparative  anatomical  investigations  on  the  facial  musculature  of  the  whale. 

Anat.  Record,  vol.  35,  41  (1927). 
.     Zur  Morphologie  der  Supraorbital-  und  Glabellarmuskulatur  des  Menschen.     Experi- 

mentelle  Bestimmung  der  Innervation  des  M.  procerus  nasi.     Anat.  Anz.,  vol.  62,  25-36 

(1926). 

and  W.  Hughson.     Experimental  studies  on  the  voluntary  motor  innervation  of  the 


facial  musculature.     Jour.  Comp.  Neurol.,  vol.  42,  113-163  (1926). 

Huff,  C.     See  Tuve,  M.  A. 

Huggins,  Maurice  L.  Agnomic  ruler  for  Laue  photographs.  Jour.  Opt.  Soc,  vol.  14,55-56  (1927). 

Hughson,  W.     See  Huber,  E. 

Humason,  Lewis  H.     See  Nicholson,  Seth  B. 

Humason,  Milton,  L.     See  Adams,  Walters  S.;  van  Maanen,  Adriaan. 

Ingham,  S.  B.     See  Bowen,  I.  S. 

Jameson,  J.  Franklin.     A  possible  enrichment  of  the  teaching  of  history.     Amherst  Graduates 
Quarterly,  vol.  16,  No.  2,  67-79  (Feb.  1927). 

Johnston,  H.  F.     Principal  magnetic  storms  and  earthquakes  recorded  at  the  Watheroo  Mag- 
netic Observatory,  April  to  June  1926.     Terr.  Mag.,  vol.  31,  134-136  (Sept.  1926). 

.     Determination  of  the  atmospheric  potential-gradient  reduction-factor  at  the  Watheroo 

Magnetic  Observatory,  Western  Australia.     Terr.  Mag.,  vol.  31,  145-152  (Dec.  1926).         ''••' 
Principal  magnetic  storms   and   earthquakes  recorded   at  the   Watheroo    Magnetic 


Observatory,  July  to  December  1926.     Terr.  Mag.,  vol.  32,  38-40  (Mar.  1927). 
Joy,  Alfred  H.     Provisional  elements  and  dimensions  of  S.  Antlia  considered  as  an  eclipsing 

binary.     Astrophys.  Jour.,  vol.  64,  287-294  (1926) ;  Mt.  Wilson  Contr.,  No.  322. 
.     On  the  problem  of  long-period  stellar  variation.     Read  at  Mills  College  meeting,  A.  S. 

P.  (1926);  (abstract)  Pubs.  A.  S.  P.,  vol.  38,  260  (1926). 
.     The  Mount  Wilson  Observatory  of  the  Carnegie  Institution  of  Washington.     Pubs. 

A.  S.  P.,  vol.  39,  9-19  (1927). 
,  and  Roscoe  F.  Sanford.     The  dwarf  companion  to  Castor  as  a  spectroscopic  binary 

and  eclipsing  variable.     Astrophys.  Jour.,  vol.  64,   250-257    (1926);    Mt.    Wilson   Contr., 

No.  320. 

See  Adams,  Walter  S. 


Keck,  D.  D.     A  revision  of  the  genus  Orthocarpus.     Proc.  Calif.  Acad.  Sci.,  vol.  16,  517-571  (1927). 
Kellogg,  Remington.     Kentriodon  pcrnix,  a  Miocene  porpoise  from  Maryland.     Proc.  U.  S. 

Nat.  Mus.,  vol.  69,  Pub.  2645,  55,  14  plates,  20  text-figs.  (Feb.  6,  1927). 
,  and  W.  K.  Gregory.     A  fossil  porpoise  from  California.     Amer.  Mus.  Novitates,  No. 

269,  7,  3  text-figs.  (May  20,  1927). 
Kennedy,  Roy  J.     A  refinement  of  the  Michelson-Morley  experiment.     Proc.  Nat.  Acad.  Sci., 

vol.  12,  621-628  (1926). 
Keyes,  Mary  G.     See  Washington,  H.  S. 
King,  Arthur  S.     Preliminary  observations  of  the  high-current  arc  in  vacuum.     Pubs.  A.  S.  P., 

vol.  38,  235-236  (1926). 
.     Wave-lengths  of  some  silicon  lines  belonging  to  the  first  and  second  stages  of  ionization. 

Pubs.  A.  S.  P.,  vol.  38.  324-325  (1926). 


REPORT   OF   THE    PRESIDENT,    1927 

King,  Arthur  S.     Spectra  of  the  high-current  vacuum  arc.     Read  at  Philadelphia  meeting, 
Amer.  Phys.  Soc.  (1926);  (abstract)  Phys.  Rev.,  vol.  29,  259  (1927). 

.     Laboratory  methods  of  analyzing  spectra  with  applications  to  atomic  structure.     Sci. 

Month.,  vol.  23,  246-252  (1926). 

,  and  Edna  Cartkr.     The  electric-furnace  spectra  of  yttrium,  xirconium  and  lanthanum. 

Astrophys.  Jour.,  vol.  65,  86-107  (1927);  Mt.  Wilson  Contr.,  No.  326. 

and  Charlotte  E.  Moore.     Laboratory  evidence  on  the  presence  of  ionized  cerium  in 


the  sun.     Pubs.  A.  S.  P.,  vol.  39,  47-48  (1927). 
King,  W.  T.     Observations  on  the  role  of  the  cerebral  cortex  in  the  control  of  the  postural 

reflex.     Amer.  Jour.  Physiol.,  vol.  80,  311-326  (1927). 
Kirk,  L.  E.     See  Harris,  J.  Arthur. 
Kirkpatrick,   Merle,  and  Roscoe  G.  Dickinson.     Crystal  structure  of  sodium  periodate. 

Jour.  Amer.  Chem.  Soc,  vol.  48,  2327-2334  (1926). 
,  and  Linus  Pauling,     tlber  die  Kristallstruktur  der  Kubischen  ■TellursaGre.     Zeit.  f. 

Kristal.,  vol.  63,  502-505  (1926). 
Kredel,  F.  E.     The  physical  relation  of  cells  in  tissue  cultures.     Bull.  Johns  Hopkins  Hosp., 

vol.  40,  216-227  (1927). 
Ksanda,  C.  J.     An  electromagnetic  separator  for  laboratory  use.     Jour.  Opt.  Soc.  Amer.,  vol. 

13,  713-715  (1926). 
Langer,  R.  M.     The  dispersion  of  atomic  hydrogen.     I:  A  measure.     Proc.  Nat.  Acad.  Sci., 

vol.  12,  639-643  (1926). 
.     The  dispersion  of  atomic  hydrogen.     II:  A  calculation.     Proc.  Nat.  Acad.  Sci.,  vol. 

12,  644-648  (1926). 
Laughlin,  H.  H.  Eugenical  sterilization  of  the  feeble-minded.     Welfare  Mag.,  vol.  17,  No.  10, 

15-17  (Oct.  1926). 

.     Racial  conditions  in  the  United  States.     Amer.  Year  Book  (1926). 

.     Legalization  of  voluntary  eugenical  sterilization.     Eugen.  Rev.,  vol.  19,  No.  1,  12-18 

(Apr.  1927). 
.     Eugenical  sterilization  of  the  feeble-minded.     Proc.  50th  Ann.  Session  Amer.  Assoc. 


for  Study  of  Feeble-minded;  Jour.  Psycho-Asthenics,  vol.  31,  210-218,  2  tabs.  (1926). 

Langworthy,  O.  R.  Abnormalities  of  posture  and  progression  in  the  pigeon  following  experi- 
mental lesions  of  the  brain.     Amer.   Jour.   Physiol.,   vol.   78,   34-46    (1926). 

.     Histological  development  of  cerebral  motor  areas  in  young  kittens  correlated  with  their 

physiological  reaction  to  electrical  stimulation.     Anat.  Record,  vol.  35,  18  (1927). 

.     Correlated  phsj'iological  and  morphological  studies  of  the  development  of  electrically 


responsive  areas  in  the  cerebral  cortex  of  the  opossum.     Anat.  Record,  vol.  35,  44  (1927). 
See  Bagley,  C.  jr. 


League,  B.     Atresia  of  graafian  follicles  and  the  interstitial  tissue  in  the  opossum  ovary.    Anat. 

Record,  vol.  32,  236  (1926). 
Leavenworth,  Charles  S.     See  Vickery,  Hubert  Bradford. 
Lee,  F.  C.     A  brief  note  on  the  anatomy  of  the  uterine  opening  of  the  fallopian  tube.     Proc.  Soc. 

Exper.  Biol,  and  Med.,  vol.  22,  470-471  (1925). 
Leland,   Waldo  G.     The  International  Union  of  Academies  and  the  American  Council  of 

Learned  Societies.     Bull.  Inst.  Hist.  Research,  London,  vol.  4,  No.  11,  65-72. 
,  and  Newton  D.  Mereness.     Introduction  to  the  American  official  sources   for   the 

economic  and  social  history  of  the  World  War.     Yale  Univ.  Press,  pages  xlvii,  532,  18. 
Lewis,  M.  R.,  and  H.  B.  Andervont.     The  inactivation  of  the  chicken-tumor  virus  by  means 

of  carmine.     Bull.  Johns  Hopkins  Hosp.,  vol.  40,  265-269  (1927). 
, .     The  adsorption  of  certain  viruses  by  means  of  particulate  substances.     Amer. 

Jour.  Hygiene,  vol.  7,  505-513  (1927). 
,  H.  S.  Willis  and  W.  H.  Lewis.      The  epithelioid  cells  of  tuberculous  lesions.     Tubercle, 

vol.  6,  329-335  (1924-1925). 
Lewis,  W.  H.     Formation  of  giant  cells  in  tissue  cultures.    (Abstract)  Trans.  22d  Annual  Meeting 

Nat.  Tuberc.  Assoc.  (1926). 
.     The  formation  of  giant  cells  in  tissue  cultures  and  their  similarity  to  those  in  tuberculous 

lesions.     Amer.  Review  Tuberc,  vol.  15,  616-628  (1927). 
.     Binucleate  cells  and  giant  cells  in  tissue  cultures  and  the  similarity  of  the  latter  to  the 

giant  cells  of  tuberculous  lesions.     Tubercle,  vol.  8,  317-330  (1927). 
See  Lewis,  M.  R. 


Long,  Frances  L.     See  MacDougal,  D.  T. 

Losh,  Hazel  Marie.     Planetary  tides  and  sun-spots.     (Abstract)  Pubs.  Amer.  Astron.  Soc, 

36th  meeting,  Nantucket,  392-393  (1926);  Pop.  Astron.,  vol.  34,  623-624  (1926). 

.     See  Nicholson,  Seth  B. 

Loughbridge,  D.  H.     See  Simon,  A.  W. 

Lowe,  E.  A.     The  Vatican  manuscript  of  the  Gelasian  sacramentary  and  its  supplement  at  Paris. 

Jour.  Theol.  Studies,  vol.  27,  357-373  with  2  plates  (July  1926). 


CARNEGIE    INSTITUTION    OF  WASHINGTON 

Lowe,  E.  A.     "Handwriting"  in  the  legacy  of  the  Middle  Ages.     Ed.  Crump  and  Jacob,  197-226 

with  16  plates,  Oxford  (1926). 
.     Review  of  J.  M.  Burnam's  Palaeographic  Iberica,  fasc.  3.     English  Hist.  Rev.,  vol. 

41,  646  (Oct.  1926). 
.     Review  of  Schiaparelli's  Avviamento  alio  Studio  delle  Abbreviature  Latine  nel  medicevo. 

Class.  Rev.,  vol.  40,  172-173  (Nov.  1926). 

.     A  note  on  the  Codex  Bezse.     Bull.  Bezan  Club,  No.  iv,  9-14  (Apr.  1927). 

.     How  the  Bible  took  shape.     Released  by  the  Carnegie  Institution  of  Washington;  with 

facsimile  (May  22,  1927). 

Review  of  Sunyol's:  Introduccio  a  la  Paleografia  Musical  Gregoriana,     English  Hist. 


Rev.,  vol.  42,  473-474  (July  1927). 

Membra  Disiecta.     Revue  Benedictine,  vol.  39,  191-194  (1927). 


MacDougal,  D.  T.     Sunburn  in  the  dark.     Sci.  Amer.,  vol.  137,  25-27  (1927). 

,  and  V.  Moravek.     Activities  of  a  constructed  colloidal  cell.     Protoplasm.     2,  Hft.  2, 

161-188  (1927). 

,  and  Frances  L.  Long.     Characters  of  cells  attaining  great  age.     Amer.  Nat.  (1927.). 

and  J.  B.  Overton.     Sap  flow  and  pressure  in  trees.     Science,  n.  s.,  vol.  65,  189-190 


(1927). 
MacDowell,  E.  Carleton,  and  Ezra  Allen.     Weight  of  mouse  embryos  10  to  18  days  after 

conception,  a  logarithmic  function  of  embryo  age.     Proc.  Soc.  Biol,  and  Med.,  vol.  24,  No.  7, 

672-674  (Apr.  1927). 
MacGillivray,  J.  H.     See  R.  A.  Brink. 
Mackeown,  S.  S.     A  high-voltage  direct  current  generator.     Jour.  Opt.  Soc.  Amer.  &  Rev. 

Scientific  Instruments,  vol.  13,  727-729  (1926). 
McCutcheon,  Thomas  P.     See  Wyckoff,  Ralph  W.  G. 
McLean,  A.  J.     An  attempt  to  identify  the  central  cells  mediating  kinesthetic  sense  in  the 

extrinsic  eye  muscles.     Arch.  Neurol,  and  Psych.,  vol.  17,  285-302  (1927). 
McMillan,  Edwin,  and  Linus  Pauling.     An  X-ray  study  of  the  alloys  of  lead  and  thalium. 

Jour.  Amer.  Chem.  Soc,  vol.  49,  666  (1927). 
Mendel,  Lafayette  B.     See  Osborne,  Thomas  B. 
Mereness,  Newton  D.     See  Leland,  Waldo  G. 
Merriam,  John  C.      Medicine  and  the  evolution  of  society.     Science,  n.  s.,  vol.  54,  No.  1669  (Dec. 

24,  1926). 
.     Remarks  on  the  place  of  education  in  a  research  institution.     Being  an  abstract  from 

the  President's  address  at  the  annual  meeting  of  the  Board  of  Trustees  of  the  Carnegie 

Institution  of  Washington,  December  11,  1925.     Printed  by  order  of  the  Board  (Dec.  1926). 

.     The  story  of  a  leaf.     Scribner's  Mag.,  vol.  81,  No.  2,  130-134  (Feb.  1927). 

.     Are  the  days  of  creation  ended?     Scribner's  Mag.,  vol.  81,  No.  6,  612-618  (June  1927). 

Merrill,  Paul  W.     Stellar  spectra  of  class  S.     II :  Changes  in  spectra  of  long-period  variable 

stars.     Astrophys.  Jour.,  vol.  65,  23-49  (1927);  Mt.  Wilson  Contr.,  No.  325. 

.     S-type  features  in  the  spectrum  of  y  Cigni.     Pubs.  A.  S.  P.,  vol.  38,  329-330  (1926). 

.     Photograph  of  the  spectrum  of  Nova  Aquila;  1925.     Pubs.  A.  S.  P.,  vol.  38,  387  (1926). 

.     Changes  in  the  spectrum  of  R  Aquarii.     Pubs.  A.  S.  P.,  vol.  39,  48-49  (1927). 

.     Long-period  variable  stars  as  physical  laboratories.     Pop.  Astron.,  vol.  35,  220-222 

(1927). 
Merwin,  H.  E.     See  Shepherd,  E.  S.;  See  Washington,  H.  S. 
Metz,  Charles  W.     Observations  on  spermatogenesis  in  Drosophila.     Zeitsch.  f.  Zellforsch., 

Bd.  4,  Heft  1,  1-28  (Aug.  1926). 
.     Genetic  evidence  of  a  selective  segregation  of  chromosomes  in  Sciara  (Diptera).     Proc. 

Nat.  Acad.  Sci.,  vol.  12,  No.  12,  690-692  (Dec.  1926). 
,  and  M.  S.  Moses.     Sex  determination  in  Sciara  (Diptera).     Anat.  Rec,  vol.  34,  No.  3, 

170  (Dec.  1926). 

and  Ella  N.  Hoppe.     Chromosome  behavior  in  Sciara  (Diptera).     I:  Chromo- 


some behavior  in  the  spermatocyte  divisions.  Zeitsch.  f.  induk.  Abstammungs-  u.  Vererb., 
Bd.  42,  Heft  4,  237-270  (1926). 

Michelson,  A.  A.  Measurement  of  the  velocity  of  light  between  Mount  Wilson  and  Mount 
San  Antonio.     Astrophys.  Jour.,  vol.  65,  1-22  (1927) ;  Mt.  Wilson  Contr.,  No.  329. 

Millikan,  R.  A.,  and  G.  Harvey  Cameron.  High  frequency  rays  of  cosmic  Origin.  Ill: 
Measurements  in  snow-fed  lakes  at  high  altitudes.     Phys.  Rev.,  vol.  28,  851-868  (1926). 

.     See  Bowen,  I.  S. 

Mitchell,  Allan  C.  G.,  and  Roscoe  G.  Dickinson.  Effect  of  added  gases  on  the  decomposi- 
tion of  ammonia  sensitized  by  optically  excited  mercury  vapor.  Jour.  Amer.  Chem.  Soc, 
vol.  49,  1478-1485  (1927). 


SO 


REPORT    OF   THE   PRESIDENT,    1927 

Mitchell,  Allan  C.  G.     See  Dickinson,  Roscoe  G. 

Moore,  Charlotte  E.     See  King  Arthur  S. 

Moravek,  V.     See  MacDougal,  D.  T. 

Morey,  George  W.     A  half-century  of  progress  in  the  glass  industry.     Ind.  Eng.  Chem.,  vol. 

18,  943-945  (1926). 

.     Future  progress  in  ceramic  chemistry.     Ind.  Eng.  Chem.,  vol.  18,  1023-1025  (1926). 

.     Developments  in  glass  technology  during  recent  years.     Chem.  and  Met.  Eng.,  vol. 

34,  230-232  (1927). 

.     Properties  of  glass.     Internat.  Critical  Tables,  vol.  2,  87-106  (1927). 

-,  and  N.  L.  Bowen.     The  decomposition  of  glass  by  water  at  high  temperatures  and 


pressures.     Jour.  Soc.  Glass  Tech.,  Trans. 
See  Wyckoff,  Ralph  W.  G. 


Morley,  S.  G.     New  light  on  the  discovery  of  Yucatan,  and  the  foundation  of  the  New  Maya 

Empire.     Amer.  Jour.  Archseol.,  2d.  ser.,  vol.  31,  No.  1,  51-69  (1927). 
Moses,  Mildred  S.     See  Metz,  Charles  W. 
Mott-Smith,  Lewis  M.,  and  Charles  R.  Daily.     Lack  of  effect  of  magnetic  field  on  dielectric 

constant  of  HC1  and  NO.     Phys.  Rev.,  vol.  28,  976-979  (1926). 

.  See  Tolman,  Richard  C. 

Muller,  J.  H.     See  Wyckoff,  Ralph  W.  G. 

Nicholson,  Seth  B.     Observations  of  Jupiter's  ninth  satellite.     Pubs.  A.  S.  P.,  vol.  38,  243-244 

(1926). 
.     The  magnetic  classification  of  sun-spots  associated  with  terrestrial  magnetic  storms. 

Read  at  Mills  College  meeting,  A.  S.  P.  (1926);  (abstract)  Pubs.  A.  S.  P.,  vol.  38,  263-264 

(1926). 

.     The  life  of  a  sun-spot.     Pubs.  A.  S.  P.,  vol.  38,  347-350  (1926). 

,  and  Lewis  H.  Humason.     Spectroheliograms  using  the  iron  lines  3720,  3735,  3860. 

Read  at  Mills  College  meeting,  A.  S.  P.  (1926) ;  (abstract)  Pubs.  A.  S.  P.,  vol.  38,  263  (1926). 
,  and  Hazel  Marie  Losh.     The  present  state  of  sun-spot  activity.     Read  at  Mill3 

College  meeting,  A.  S.  P.  (1926);  (abstract)  Pubs.  A.  S.  P.,  vol.  38,  264  (1926). 

, .     Sun-spot  activity  during  1926.     Pubs.  A.  S.  P.,  vol.  39,  49-52  (1927). 

, .     Sun-spot  activity  in  the  present  cycle.     (Abstract)  Pubs.  Amer.  Astron.  Soc, 

37th  meeting,  Philadelphia  (1926);  Pop.  Astron.,  vol.  35,  141-142  (1927). 
See  Pettit,  Edison. 


Osborne,  Thomas  B.,  and  Lafayette  B.  Mendel.     Relation  of  the  rate  of  growth  to  diet:  I. 

Jour.  Biol.  Chem.,  vol.  49,  661-673  (1926). 
, ,  Edwards  A.  Park,  and  Milton  C.  Winternitz.     Physiological  effects  of  diets 

unusually  rich  in  protein  or  inorganic  salts.     Jour.  Biol.  Chem.,  vol.  71,  317-350  (1927). 
Overton,  J.  B.     See  MacDougal,  D.  T. 
Park,  Edwards  A.     See  Osborne,  Thomas  B. 
Patten,  B.  M.     The  embryology  of  the  pig  (1927). 
Pauling,  Linus.     Die  Abschirmungskonstanten  der  relativistischen  oder  magnetischen  Ront- 

genstrahlendubletts.     Zeit.  f.  Physiol,  vol.  40,  344-350  (1926). 
.     Electron  affinity  of  hydrogen  and  the  second  ionization-potential  of  lithium.     Phys. 

Rev.,  vol.  29,  285-291  (1927). 
.     Influence  of  a  magnetic  field  on  the  dielectric  constant  of  a  diatomic  dipole  gas.     Phys. 

Rev.,  vol.  29,  145-160  (1927). 
.     Sizes  of  ions  and  the  structure  of  ionic  crystals.     Jour.  Amer.  Chem.  Soc,  vol.  49, 

765-790  (1927). 
.     Theoretical  prediction  of  the  physical  properties  of  many-electron  atoms.     Proc.  Royal 

Soc,  A,  vol.  114,  181-211  (1927). 

See  Hendricks,  Sterling  B.;  Kihkpatrick,  Merle;  McMillan,  Edwin. 


Paullin,  Charles  O.  Historical  predictions.  South  Atlantic  Quart,  vol.  25,  361-369  (Oct. 
1926). 

Pease,  Francis  G.  On  the  design  of  very  large  telescopes.  Pubs.  A.  S.  P.,  vol.  38,  195-207 
(1926). 

Peters,  W.  J.  Swinging  ship  for  the  precise  determination  of  deviations  in  magnetically  dis- 
turbed harbors.     Terr.  Mag.,  vol.  31,  121-122  (Sept.  1926). 

.  Phases  of  oceanographic  work  originating  at  the  City  of  Washington  and  in  the  South- 
ern States,  1925-1926.     Bull.  Nat.  Research  Council,  vol.  11,  102-106  (Nov.  1926). 

Pettit,  Edison.  Ultra-violet  solar  radiation.  Proc.  Nat.  Acad.  Sci.,  vol.  13,  380-387  (1927) ; 
Mt.  Wilson  Communications,  No.  98;  read  at  Washington  meeting,  American  Geophysical 
Union  (1927). 

.     Energy  curve  of  the  lunar  spectrum  in  the  visual  region.     Pubs.  A.  S.  P.,  vol.  38, 

242-243  (1926). 

Photo-chemical  effects  of  sun-light  on  green  celluloid  and  glass.     Pubs.  A.  S.  P.,  vol.  39, 


170-173  (1927). 


31 


CARNEGIE   INSTITUTION   OF  WASHINGTON 

Pettit,  Edison.     Ultra-violet  solar  radiation  and  atmospheric  ozone.     (Abstract)  Pubs.  Amer. 

Astron.  Soc,  36th  meeting,  Nantucket,  400-401   (1926);  Pop.  Astron.,  vol.  34,  631-632 

(1926). 

.     Influence  of  the  sun  upon  the  earth.     North  American  Almanac,  50-57  (1927). 

.     Measuring  the  velocity  of  light.     North  American  Almanac,  123-127  (1927). 

,  and  Seth  B.  Nicholson.     On  the  theory  of  the  continuous  spectrum  of  the  corona. 

Astrophys.  Jour.,  vol.  64,  136-141  (1926);  Mt.  Wilson  Contr.,  No.  314. 
Pickard,  Greenleaf  W.     The  correlation  of  radio  reception  with  solar  activity  and  terrestrial 

magnetism,  No.  II.     Bull.  Nat.  Research  Council,  No.  61,  133-145  (July  1927). 
Podolsky,  Boris.     On  King's  classical  theory  of  radiation.     Proc.  Nat.  Acad.  Sci.,  vol.   13, 

97-99  (1927). 
Pomeroy,  Richard.     See  Yobt,  Don  M. 

Posnjak,  E.     The  nature  of  "stannic  acids."     Jour.  Phys.  Chem.,  vol.  33,  1073-1077  (1926). 
.     Acceleration  of  rate  of  oxidation  of  ferrous  iron  in  presence  of  copper,  and  its  application 

to  "heap  leaching"  process.     Amer.  Inst.  Min.  Met.  Eng.  Paper  No.  1615-D,  10  pp.  (1926). 
Prescott,  C.  H.  jr.     Equilibrium  between  zirconium  and  carbon  and   their  reaction-products 

at  incandescent  temperatures.     Jour.  Amer.  Chem.  Soc,  vol.  48,  2534-2550  (1926). 
Raymond,   H.     Corrections  to  the  Boss  system  of  declinations  in  order  or  right-ascension. 

Astron.  Jour.,  vol.  37,  88-90  (1927). 
Reinhart,  Warren  H.     See  Riddle,  Oscar. 
Richards,   Theodore   W.     Further  evidence    concerning    magnitude    of    internal    pressures, 

especially  that  of  mercury.     Jour.  Amer.  Chem.  Soc,  vol.  48,  3063  (Dec.  16,  1926). 
Richter,  C.  F.     Hydrogen  atom  with  a  spinning  electron  in  wave  mechanics.     Proc.   Nat. 

Acad.  Sci.,  vol.  13,  476-479  (1927). 
Riddle,   Oscar.     Establishment  of  races  of  pigeons  with   characteristically  large   and   with 

characteristically  small  thyroids.     Anat.  Record,  vol.  34,  No.  3,  180  (Dec.  1926). 

.     Quantitative  theory  of  sex.     Science,  n.  s.,  vol.  65,  No.  1675,  139-141  (Feb.  1927). 

.     Accomplishments  of  the  First  International  Congress  for  Sex  Research.     Jour.  Soc 

Hygiene,  vol.  13,  No.  3,  138-143  (Mar.  1927). 
.     Some  aspects  of  sexual  differences  in  prenatal  growth  and  death.     Amer.  Nat.,  vol.  61, 

673,  97-112  (Mar-Apr.  1927). 

.     Studies  on  thyroids.     Endocrinology,  vol.  11,  No.  3  (May-June  1927). 

,  and  Warren  H.  Reinhart.     The  Manoilov  sex  test  applied  to  the  blood  of  pigeons. 

Anat.  Record,  vol.  34,  No.  3,  110  (Dec.  1926). 
, .     Is  the  Manoilov  reaction  a  better  test  for  metabolic  level  than  for  sex?     Proc. 

Soc.  Exper.  Biol,  and  Med.,  vol.  24,  No.  4,  359-362  (Jan.  1927). 

Influence  of  activity  on  the  Manoilov  reaction  in  blood  and  tissue  extracts. 


Amer.  Jour.  Physiol.,  vol.  81,  No.  2,  506-507  (July  1,  1927). 
Ritzman,  Ernest  G.     See  Benedict,  Francis  G.;  Davenport,  Charles  B. 
Rooney,  W.  J.,  and  O.  H.  Gish.     Results  of  earth-resistivity  surveys  near  Watheroo,  Western 

Australia,  and  at  Ebro,  Spain.     Terr.  Mag.,  vol.  32,  49-63  (June  1927). 
Root,  Howard  F.     See  Benedict,  Francis  G. 
Rosseland,  Svein.     On  the  transmission  of  radiation  through  an  absorbing  medium  in  motion, 

with  applications  to  the  theory  of  sun-spots  and  solar  rotation.     Astrophys.  Jour.,  vol.  63, 

342-367  (1926);  Mt.  Wilson  Contr.,  No.  313. 
Ruark,  A.  E.     See  Breit,  G. 
Russell,  Henry  Morris.     Science  plans  a  mass  attack  on  the  Moon's  mysteries.     Are  the 

Moon's  craters  volcanic  or  are  they  meteoric  "Shell  Holes"?     Sci.  Amer.,  93  (Feb.  1927). 
.     Multiplets  in  the  spark  spectrum  of  iron.     Astrophys.  Jour.,  vol.  64,  194-203(1926); 

Mt.  Wilson  Contr.,  No.  318. 

A  new  term  in  the  arc  spectrum  of  magnesium.     Pubs.  A.  S.  P.,  vol.  38,  236-339  (1926). 


Sampson,  H.  L.     See  Halpert,  B. 

Sanford,  Roscoe  F.     On  the  orbits  of  four  spectroscopic  binaries.     Astrophys.  Jour.,  vol.  64, 

172-193  (1926);  Mt.  Wilson  Contr.,  No.  317. 
.     Note  on  U  Orionis.     Read  at  Mills  College  meeting,  A.  S.  P.  (1926);  Pubs.  A.  S.  P., 

vol.  38,  260-262  (1926). 
.     The  spectroscopic  triple  system  B.  D.  +57°  2309.     Read  at  Mills  College  meeting,  A.  S. 


P.  (1926);  Pubs.  A.  S.  P.,  vol.  38,  262-263  (1926). 
See  Joy,  Alfred  H. 


Sarton,  George.     Le  sentiment  du  passe.     Isis,  vol.  8,  391-402  (1926). 

.     Eighteenth  critical  bibliography  of  the  history  and  philosophy  of  science  and  the  history 

of  civilization  (to  November  1925).     Isis,  vol.  8,  526-667  (1926). 
.     Nineteenth  critical  bibliography  of  the  history  and  philosophy  of  science  and  the 

history  of  civilization  (to  February  1926).     Isis,  vol.  8,  732-831  (1926). 
.     Moseley.     The  numbering  of  the  elements  (with  bibliography  and  portrait).     Isis,  vol. 

9,  96-111   (1927). 


REPORT   OF   THE   PRESIDENT,    1927 

Sarton,  George.     Twentieth  critical  bibliography  of  the  history  and  philosophy  of  science  and 

the  history  of  civilization  (to  May  1926).     Isis,  vol.  9,  145-220,  4  pi.  (1927). 
Satina,  S.,  and  A.  F.  Blakeslee.     Further  studies  on  biochemical  differences  between  sexes  in 

plants.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  No.  3,  115-122  (Mar.  1927). 
Schilt,  J.     Remarks  on  various  statistical  properties  of  galactic  Cepheids  having  periods  longer 

than  one  day.     Astrophys.  Jour.,  vol.  64,  149-166  (1926) ;  Mt.  Wilson  Contr.,  No.  315. 
.     Two  new  variable  stars  of  the  type  of  W.  Ursa?  Majoris.     Astrophys.  Jour.,  vol.  64, 

215-224  (1926);  Mt.  Wilson  Contr.,  No.  316. 
.     The  short-period  variable  star  RV  Canum  Venaticorum.     Astrophys.  Jour.,  vol.  65, 

124-129  (1927);  Mt.  Wilson  Contr.,  No.  330. 

On  the  detection  of  orbital  motion  in  star  clusters.     Pubs.  A.  S.  P.,  vol.  38,  327-329 


(1926). 
Schultz,  A.  H.     Studies  on  the  variability  of  platyrrhine  monkeys.     Jour.   Mammalogy,  vol. 

7,  286-305  (1926). 

.     Fetal  growth  of  man  and  other  primates.     Quart.  Rev.  Biol.,  vol.  1,  465-521  (1926). 

.     Variations  in  man  and  their  evolutionary  significance.     Amer.  Naturalist,  vol.  60, 

297-323  (1926). 
Schwentker,  F.  F.     A  group  of  small  cells  in  the  hypoglossal  nucleus  of  man.     Anat.  Record, 

vol.  35,  345-355  (1927). 
Seares,  Frederick  H.     Some  systematic  features  in  the  distribution  of  stars.     Nature,  vol.  119, 

461-463  (1927). 
.     Some  systematic  features  in  the  distribution  of  stars.     (Abstract)  Pubs.  Amer.  Astron. 

Soc,  37th  meeting,  Philadelphia  (1926);  Pop.  Astron.,  vol.  35,  208-210  (1927). 
Seckinger,  D.  L.,  and  F.  F.  Snyder.     Cyclic  changes  in  the  spontaneous  contractions  of  the 

human  fallopian  tube.     Bull.  Johns  Hopkins  Hosp.,  vol.  39,  371-378  (1926). 
Shepherd,  E.  S.,  and  H.  E.  Merwin.     Gases  of  the  Mt.  Pelee  lavas  of  1902.     Jour.  Geol.,  vol. 

35,  97-116  (1927). 
Sherman,  H.  C.     Quantitative  research  in  the  chemistry  of  nutrition.     (Booklet)  Columbia 

Univ.  (Mar.  1927). 
,  M.  L.  Caldwell,  and  M.  Adams.     Enzyme  purification  by  absorption:  An  investiga- 
tion of  pancreatic  amylase.     Jour.  Amer.  Chem.  Soc,  vol.  48,  2947  (Nov.  1926). 
Shreve,  Forrest.     Vegetation  of  a  coastal  mountain  range.     Ecology,  vol.  8,  27-44,  6  figs. 

(1927). 

.     Soil  temperature  in  redwood  and  hemlock  forests.     Bull.  Torr.  Bot.  Club. 

Simon,  A.  W.     A  three  inductor  static  machine.     Phys.  Rev.,  vol.  28,  142-145  (1926). 

.     Theory  of  Wimshurt's  alternating  static  machine.     Phys.   Rev.,   vol.   28,   545-553 

(1926). 
,  and  J.  M.  Gage.     Rotation  of  dielectric  bodies  in  electrostatic  fields.     Nature,  vol.  119, 

816  (1927). 
,  and  D.  H.  Loughbridge.     On  the  Wilson  cloud  expansion  chamber.     Jour.  Opt.  Soc. 

Amer.  &  Rev.  Scientific  Instruments,  vol.  13,  679-697  (1926). 
Smith,  Sinclair.     A  vertical  seismometer.     (Abstract)  Phys.  Rev.,  vol.  29,  755  (1927);  read 

at  Los  Angeles  meeting,  Amer.  Phys.  Soc.  (1927). 

.     See  Anderson,  J.  A.;  Tolman,  Richard  C. 

Smithe,  William  R.     A  velocity  filter  for  electrons  and  ions.     Phys.  Rev.,  vol.  28,  1275-1286 

(1926). 
Snyder,  F.  F.     See  Seckinger,  D.  L. 
Spoehr,  H.  A.,  and  Paul  C.  Wilbur.     Effect  of  disodium  phosphate  on  d-glucose  and  <f-fructose. 

Jour.  Biol.  Chem.,  vol.  69,  421-434  (1926). 
Stock,  Leo  F.     The  Empress  of  Mexico  visits  Rome:  a  diplomatic  episode.     America,  vol.  37, 

226-227  (June,  1927). 
.     The  Constitution  and  the  freedom  of  education.     Catholic  Educational  Review,  vol. 

24,  586-591  (Dec.  1926). 

.     Eight  articles  contributed  to  the  encyclopedia  Universal  Knowledge,  vol.  I. 

Straus,  W.  L.  jr.     Development  of  the  human  foot  and  its  phylogenetic  significance.     Amer. 

Jour.  Phys.  Anthropol.,  vol.  9,  427-438  (1926). 
Streeter,  G.  L.     Archetypes  and  symbolism.     Presidential  address,  read  before  the  American 

Assoc,  of  Anat.,  at  the  Nashville  meeting;  Science,  n.  s.,  vol.  65,  405-412  (1927). 

.     Formation  of  the  segmentation  cavity  in  pig  ova.     Anat.  Record,  vol.  34,  160  (1926). 

Stromberg,  Gustaf.     The  absolute  magnitudes  of  giant  M  stars.     Astrophys.  Jour.,  vol.  65, 

108-116  (1927);  Mt.  Wilson  Contr.,  No.  327. 
.     The  motions  of  giant  M  stars.     Astrophys.  Jour.,  vol.  65,  238-265  (1927);  Mt.  Wilson 

Contr.,  No.  332. 

Asymmetry  in  the  distribution  of  stellar  velocities.    Observatory,  vol.  49,  279-280  (1926) . 


Struve,  Otto.     Interstellar  calcium.     Astrophys.  Jour.,  vol.  65,  163-199  (1927);  Mt.  Wilson 
Contr.,  No.  331. 


CARNEGIE    INSTITUTION   OF   WASHINGTON 

Summary  of  Mount  Wilson  observations  of  sun-spots,  May  (1926)  to  April  (1927).     Pubs.  A.  S. 

P.,  vol.  38,  244-247,  330-333,  387-391  (1926);  vol.  39,"  52-59,  131-134,  175-178  (1927). 
Sverdrup,  H.  U.     Tides  on  the  north  Siberian  shelf:  Their  bearing  on  the  existence  of  land  in 

the  Arctic  Sea,  and  their  dynamics.     Jour.  Wash.  Acad.  Sci.,  vol.  16,  529-540  (Dec.  3,  1926). 
.     Ergebnisse  der   Messungen  des  Potentialgefalles  auf  der   "Maud"-Expedition.     Zs. 

Geophys.,  vol.  3,  93-102  (1927). 
.     Die    meteorologischen    Untersuchungen    und    Ergebnisse    der    "Maud"  Expedition. 

Petermanns  Mitt.,  Erganzungsheft  No.  191,  63-68  (1927). 
See  Wait,  G.  R. 


Swingle,  W.  W.     See  Davenport,  Charles  B. 

Thomson,  A.     Preliminary  comparison  of  atmospheric  potential  at  sea  with  that  under  closely 

similar  insular  conditions  at  Apia,  Western  Samoa.     Terr.  Mag.,  vol.  31,  113-120  (Sept. 

1926). 
,  and  C.  J.  Westland.     Principal  magnetic  storms  recorded  at  the  Apia  Observatory, 

April  to  June  1926.     Terr.  Mag.,  vol.  31,  132  (Sept.  1926). 
, .     Principal  magnetic  storms  recorded  at  the  Apia  Observatory,  July  to  December 

1926,  and  preliminary  reports  on  annual  values  of  the  magnetic  elements  for  the  year  1926. 

Terr.  Mag.,  vol.  32,  89-90  (June  1927). 
Tolman,  Richard  C.     On  the  equilibrium  between  radiation  and  matter.     Proc.  Acad.  Sci., 

vol.  12,  670-674  (1926). 
— - — — ,  and  Lewis  M.  Mott-Smith.     Further  study  of  the  inertia  of  electric  carrier  in  copper. 

Phys.  Rev.,  vol.  28,  794-832  (1926). 
,  and  Sinclair  Smith.     Remarks  on  Professor  Lewis's  note  on  the  path  of  light  quanta 

in  an  interference  field.     Proc.  Nat.  Acad.  Sci.,  vol.  12,  508-509  (1926). 
,  Don  M.  Yost  and  Roscoe  G.  Dickinson.     On  chemical  activation  by  collisions.     Proc. 

Nat.  Acad.  Sci.,  vol.  13,  188-192  (1927). 
See  Wulf,  Oliver  R. 


Tuve,  M.  A.     A  source  for  resonance  radiation.     Nature,  vol.  119,  82-83  (Jan.  15,  1927). 
,  and  C.  Huff.     On  the  use  of  a  radioactive  collector  for  potential-gradient  measurements. 

Terr.  Mag.,  vol.  32,  17-25  (Mar.  1927). 
van  Maanen,  Adriaan.     The  photographic  determination  of  stellar  parallaxes  with  the  60- 

and  100-inch  reflectors:  Ninth  series.     Mt.  Wilson  Contr.,  No.  321. 

'.     Parallax  notes.     Pubs.  A.  S.  P.,  vol.  38,  325-327  (1926). 

.     Trigonometrische  parallaxen,  bepaald  met  de  beide  spiegelteleskopen  van  het  Mount 

Wilson  Observatory.     Hemel  en  Dampkring,  vol.  25,  1-10  (1927). 
,  J.  A.  Brown  and  Milton  L.  Humason.     A  star  of  extremely  low  luminosity.     Pubs. 

A.  S:  P.,  vol.  39,  173-174  (1927). 
Vickery,  Hubert  Bradford.     A  useful  compound  of  histidine.     Jour.  Biol.  Chem.,   vol.   71, 

303-307  (1927). 

,     The  basic  nitrogen  of  plant  extracts.     Jour.  Plant  Physiol.  (1927). 

.  and  Charles  S.  Leavenworth.     On  the  separation  of  histidine  and  arginine.     II: 

The  separation  of  the  silver  compounds  at  pH  7.0.     Jour.  Biol.  Chem.,  vol.  72,  403-413 

(1927). 
Wait,  G.  R.     On  the  effects  of  dust,  smoke,  and  relative  humidity  upon  the  potential  gradient 

and  the  positive  and  negative  conductivities  of  the  atmosphere.     (Abstract)  Phys.  Rev., 

vol.  29,  372  (Feb.  1927). 
.     Magnetic  permeability  of  iron   and  magnetite  in  high-frequency  alternating  fields. 

Phys.  Rev.,  vol.  29,  566-578  (Apr.  1927);  abstract,  vol.  28,  848-849  (Oct.  1926). 
.     Preliminary  note  on  the  effect  of  dust,  smoke,  and  relative  humidity  upon  the  potential 

gradient  and  the  positive  and  negative  conductivities  of  the  atmosphere.     Terr.  Mag.,  vol. 

32,  31-35  (Mar.  1927). 
,  and  H.  U.  Sverdrup.     Preliminary  note  on  electromotive  forces  possibly  produced  by 

the  Earth's  rotating  magnetic  field  and  on  observed  diurnal-variation  of  the  atmospheric 

potential-gradient.     Terr.  Mag.,  vol.  32,  73-83  (June  1927). 
Warner,  A.  H.     A  comparison  of  the  thermionic  and  photoelectric  work  functions  for  clean 

tungsten.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  56-59  (1927). 
Washington,  Henry  S.     L'Eruzione  di  Sautorino  del  1925.     Bull.  Volcanologique,  vol.  3  (Nos. 

7-8),  65-73,  6  pis.  (1926). 

.     The  testimony  of  the  jades.     Sci.  Amer.,  vol.  135,  No.  2,  94-95  (1926). 

.     Santorini  eruption  of  1925.     Bull.  Geol.  Soc.  Amer.,  vol.  37,  349-384  (1926). 

.     Granites  of  Central  Spain.     Jour.  Wash.  Acad.  Sci.,  vol.  16,  409-412  (1926). 

,  M.  Aurousseau  and  Mary  G.  Keyes.     The  lavas  of  Etna.     Amer.  Jour.  Sci.,  vol.  12, 

371-408  (1926). 

and  Mary  G.  Keyes.     Petrology  of  the  Hawaiian  Islands.     V:  The  Leward  Islands. 


Amer.  Jour.  Sci.,  vol.  12,  336-352  (1926). 
— ,  and  H.  E.  Merwin.     The  acmitic  pyroxenes.     Amer.  Mineral.,  vol.  12,  233-252  (1927). 


n 


REPORT   OF   THE    PRESIDENT,    1927 

Weaver,  John  E.,  and  William  E.  Bruner.     Root  development  of  vegetable  crops,     xiii-351 

pp.,  94  figs,  and  pi.  (1927). 
Weed,  L.  H.     Problems  of  the  relation  of  muscle  and  nerve.     Bull.  Johns  Hopkins  Hosp.,  vol. 

40,  117-144  (1927). 
Westland,  C.  J.     See  Thomson,  A. 
White,  David.     Flora  of  the  Hermit  shale  in  the  Grand  Canyon,  Arizona.     Proc.  Nat.  Acad. 

Sci.,  vol.  13,  No.  8,  574-575  (1927). 
Wilbur,  Paul  C.     See  Spoehr,  H.  A. 
Willis,  H.  S.     See  Lewis,  M.  R. 

Wilson,  Ralph  E.     Space-motions  of  the  Class  B  stars.     Astron.  Jour.,  vol.  37,  117-119  (1927). 
Winternitz,  Milton  C.     See  Osborne,  Thomas  B. 
Wise,  W.  Howard.     Effect  of  recombination  on  the  primary  photoelectric  current  from  a  crystal. 

Phys.  Rev.,  vol.  28,  57-73  (1926). 
Wiblocki,  G.  B.     Remarks  on  the  placentation  of  a  platyrrhine  monkey  (Ateles  geoffroyi). 

Amer.  Jour.  Anat.,  vol.  36,  467-487  (1926). 
.     Further  observations  upon  the  placentation  of  the  sloth  (Brady pus  griseus).     Anat. 

Record,  vol.  32,  45-51  (1926). 

.     On  the  placentation  of  the  sloth  (Bradypus  griseus).     Anat.  Record,  vol.  35,  29  (1927). 

On  the  placentation  of  the  Simise.     Anat.  Record,  vol.  35,  52  (1927). 


Wood,  Thelma,  and  Arthur  M.  Banta.     Data  concerning  a  physiologically  new  type  of  Clado- 

cera  originating  from  sexual  reproduction.     Anat.  Rec,  vol.  34,  No.  3,  125-126  (Dec.  1926). 

.     See  Banta,  A.  M. 

Wright,  F.  E.     A  polarization  photometer  eyepiece.     Jour.  Opt.  Soc.  Amer.  and  Rev.  Sci. 

Instruments,  vol.  15,  339-341  (1927). 
.     Polarization  of  light  from  rough  surfaces  with  special  reference  to  light  reflected  by  the 

Moon.     Proc.  Nat.  Acad.  Sci.,  vol.  13,  535-540  (1927). 
.     Memorial  of  Robert  Simpson  Woodward.     Bull.  Geol.  Soc.  Amer.,  vol.  37,  115-134 

(1926). 

.     A  polarization  photometer  eyepiece.     Jour.  Opt.  Soc.  Amer.,  vol.  14,  339-341  (1927). 

Gravity  on  the  earth  and  on  the  moon.     Sci.  Monthly,  vol.  24,  448-462  (1927). 


Wulf,  Oliver  R.     Laboratory  apparatus  for  the  electrolytic  preparation  of  oxygen  and  of  ozone. 

Jour.  Opt.  Soc,  vol.  15,  119-124  (1927). 
,  and  Richard  C.  Tolman.     Thermal  decomposition  of  ozone.     I:  Homogeneity,  order, 

specific  rate  and  dependence  of  rate  on  total  pressure.     Jour.  Amer.  Chem.  Soc,  vol.  49, 

1183-1202  (1927). 
, .     Thermal  decomposition  of  ozone.     II :  Effect  of  oxygen  and  accidental  c atalysts 

on  the  rate.     Jour.  Amer.  Chem.  Soc,  vol.  49,  1202-1218  (1927). 
,  .     Thermal  decomposition  of  ozone.     Ill:  Temperature  coefficient  oi  reaction 

rate.     Jour.  Amer.  Chem.  Soc,  vol.  49,  1650-1664  (1927). 

Thermal  decomposition  of  ozone.    Proc.  Nat.  Acad.  Sci.,  vol.  13,  272-275  (1927) . 


Wtckoff,  Ralph  W.  G.  Crystal  structure  in  its  relation  to  chemical  problems.  Lecture 
delivered  at  Columbia  University  in  the  special  course  on  contemporary  developments  in 
chemistry  .  .  .  1926.     20  pages  (Mar.  1927). 

,  and  L.  M.  Dennis.     The  crystal  structure  of  ammonium  hexachloroplumbate  [(NH^j- 

PbCle].     Amer.  Jour.  Sci.,  vol.  12,  503-509  (1926). 

,  and  George  W.  Morey.  X-ray  diffraction  measurements  upon  compounds  in  the  sys- 
tem soda-lime-silica.     Amer.  Jour.  Sci.,  vol.  12,  419-440  (1926). 

,   and   Thomas   P.    McCutcheon.     The   crystal   structure   of   hexamine-cobalti-iodide. 

[Co(NH3)6]I3.     Amer.  Jour.  Sci.,  vol.  13,  223-233  (1927). 

,  Sterling  B.  Hendricks  and  Thomas  P.  McCutcheon.     On  the  crystal  structure  of 

hexamine  cabalti-perchlorate  (C0.6NH3]  (C104)3.     Amer.  Jour.  Sci.,  vol.  13,  388-398  (1927). 

,  and  J.  H.  Mliller.     The  crystal  structure  of  cesium  fluogermanate.     Amer.  Jour.  Sci., 

vol.  13,  347-352  (1927). 

See  Hendricks,  Sterling  B. 


Yost,  Don  M.,  and  Richard  Pomeroy.     Decomposition  and  oxidation  of  dithionic  acid.     Jour. 

Amer.  Chem.  Soc,  vol.  49,  703-707  (1927). 

.     See  Tolman,  Richard  C. 

Yudkin,   Arthur  M.     Congenital  anophthalmos  in  a  family  of  albino  rats.     Amer.   Jour. 

Opthal.,  vol.  10,  341-345  (1927). 
Zanstra,  H.     An  application  of  the  quantum  theory  to  the  luminosity  of  diffuse  nebulse.     Astro- 

phys.  Jour.,  vol.  64,  50-70  (1927). 
Zwicky,  F.     Phenomena  depending  on  the  change  of  elastic  frequencies  in  solid  bodies  with 

pressure.     Phys.  Rev.,  vol.  29,  579-587  (1927). 

.    Transfer  of  energy  from  electrons  to  atoms.  Proc.  Nat.  Acad.  Sci.,  vol.  12, 466-470  (1926) . 

.     The  quantum  theory  and  the  behavior  of  slow  electrons  in  gases.     Proc  Nat.  Acad. 

Sci.,  vol.  12,  461-466  (1926). 


85 


BEPORT  OF  THE  EXECUTIVE  COMMITTEE 


37 


REPORT  OF  THE  EXECUTIVE  COMMITTEE 


To  the  Trustees  of  the  Carnegie  Institution  of  Washington: 

Gentlemen:  Article  V,  Section  3,  of  the  By-Laws  provides  that  the 
Executive  Committee  shall  submit,  at  the  annual  meeting  of  the  Board  of 
Trustees,  a  report  for  publication;  and  Article  VI,  Section  3,  provides  that  the 
Executive  Committee  shall  also  submit,  at  the  same  time,  a  full  statement  of 
the  finances  and  work  of  the  Institution  and  a  detailed  estimate  of  the 
expenditures  for  the  succeeding  year.  In  accordance  with  these  provisions, 
the  Executive  Committee  herewith  respectfully  submits  its  report  for  the 
fiscal  year  ending  October  31,  1927. 

During  this  year  the  Executive  Committee  held  five  meetings,  printed 
reports  of  which  have  been  mailed  to  each  Trustee. 

Upon  adjournment  of  the  meeting  of  the  Board  of  Trustees  of  December  10, 

1926,  the  members  of  the  Executive  Committee  met  and  organized  by  the 
election  of  Mr.  Root  as  Chairman  for  1927. 

A  full  statement  of  the  finances  and  work  of  the  Institution  is  contained  in 
the  report  of  the  President,  which  has  been  considered  and  approved  by  the 
Executive  Committee,  and  is  submitted  herewith.  A  detailed  estimate  of 
expenditures  for  the  succeeding  year  is  also  contained  in  the  report  of  the 
President,  and  has  been  considered  by  the  Executive  Committee,  which  has 
approved  the  recommendations  of  the  President  in  respect  thereto  and  has 
provisionally  approved  the  budget  estimates  based  thereon  and  submitted 
herewith. 

The  Board  of  Trustees,  at  its  meeting  of  December  10,  1926,  appointed 
Messrs.  Leslie,  Banks  &  Company  to  audit  the  accounts  of  the  Institution  for 
the  fiscal  year  ending  October  31,  1927.  The  report  of  the  Auditor,  including 
a  balance-sheet  showing  assets  and  liabilities  of  the  Institution  on  October 
31, 1927,  is  submitted  as  a  part  of  the  report  of  the  Executive  Committee. 

There  is  also  submitted  a  statement  of  receipts  and  disbursements  since  the 
organization  of  the  Institution  on  January  28,  1902. 

Three  vacancies  exist  in  the  membership  of  the  Board  of  Trustees,  caused 
by  the  death  of  George  J.  Baldwin  on  March  4,  1927;  by  the  death  of  Charles 
D.  Walcott  on  February  9, 1927;  and  by  the  death  of  Henry  White  on  July  15, 

1927.  Nominations  for  such  vacancies  have  been  requested  in  accordance 
with  provisions  of  the  By-Laws  and  will  be  submitted  to  the  Board  of  Trustees 
at  its  annual  meeting  on  December  9,  1927. 

The  tenure  of  office  of  the  following  officers  of  the  Board  of  Trustees  will 
expire  at  the  annual  meeting  on  December  9:  Mr.  Root,  Chairman  of  the 
Board,  and  Mr.  Forbes,  Secretary  of  the  Board.  The  office  of  Vice-Chairman 
is  vacant,  due  to  the  death  of  Mr.  Walcott.  The  tenure  of  office  of  Messrs. 
Parsons,  Paton  and  Pritchett  as  members  of  the  Executive  Committee,  of 
Messrs.  Parsons,  Pritchett  and  Wickersham  as  members  of  the  Finance 
Committee,  and  of  Messrs.  Brookings,  Ryerson  and  Wickersham  as  members 
of  the  Auditing  Committee  also  expire  at  the  meeting  on  December  9.  There 
is  a  vacancy  in  the  Executive  Committee  by  reason  of  the  death  of  Mr.  White. 

Elihu  Root,  Chairman  Wm.  Barclay  Parsons 

John  J.  Carty  Stewart  Paton 

W.  Cameron  Forbes  Henry  S.  Pritchett 
John  C.  Merriam 

November  15,  1927. 
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New  York,  December  1,  1927. 

To  the  Board  of  Trustees, 

Carnegie  Institution  of  Washington, 
Washington,  D.  C. 

Dear  Sirs:  We  have  audited  the  accounts  of  the  Carnegie  Institution  of 
Washington  for  the  fiscal  year  ended  October  31,  1927. 

All  Securities  were  verified  by  inspection  and  are  shown  at  cost  on  the 
Balance  Sheet.  The  Cash  in  Banks  was  confirmed  by  the  Depositories  and 
the  Cash  on  Hand  by  actual  count. 

All  Income  from  Investments  has  been  accounted  for  and  the  appropria- 
tions and  allotments  checked  with  certified  copies  of  the  minutes  of  the 
Institution. 

Real  Estate  and  Equipment  are  carried  at  cost. 

The  books  of  the  various  departments  are  audited  by  the  Bursar,  and  we 
have  included  his  figures  in  the  annexed  Balance  Sheet  without  examination 
by  us. 

We  hereby  certify  that,  in  our  opinion,  the  Balance  Sheet  annexed  hereto 
correctly  states  the  financial  condition  of  the  Institution  at  October  31,  1927. 

Leslie,  Banks  &  Company, 

Accountants. 

Copies  of  the  Financial  Statement,  certified  by 
the  auditor  in  the  above  report,  follow  on  pages 
42  to  48. 
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CAKNEGIE    INSTITUTION   OF   WASHINGTON 

Schedule  of  Securities 


Par  Value  Representee 

in  Thousands 

Aggregate — 
Par  Value 

Description 

Ma- 
turity 

Endow- 
ment 

Col- 
burn 

Harri- 
man 

Re- 
serve 

1 
Insur- 
ance 

Pen- 
sion 

Spl.Em. 
ReFd. 

Int. 
Due 

$50 

$50,000 
100,000 

50,000 

50,000 
180,000 
200,000 
175,000 

34,000 
120,000 
100,000 

50,000 
500,000 
360,000 

69 ,000 
121,000 

50,000 

50,000 
325,000 

50,000 
100,000 

93,000 

50,000 
100,000 

50,000 

51 ,000 
100,000 

80,000 
125,000 
100,000 

42,000 
100,000 
100,000 
350,000 

12,000 

2,084,000 

140,000 

100,000 

Railway: 

A.  T.  and  S.  Fe.  gen.  4s 

1995 
1995 
1962 
1949 
1958 
1949 
1949 
1989 
1987 
1963 
1972 

A-O 

$100 

40 

50 

150 

B.  and  O.  R.  R.  gen.  and  ref.  5s. .  . . 

J-D 

$10 

A-0 

F-A 

30 

C.  B.  &  Q.  R.  R.  gen.  4s 

M-S 

$200 

C.  B.  and  Q.  111.  Div.  4s 

J-J 

$175 

C.  M.  and  Puget  Sd.  4s 

J-J 

14 

$4 

15 

120 

75 

5 

1 

C.  M.  and  St.  P.  Ry.  gen.  4J^s 

Chi.  and  N.  W.  Ry.  gen.  3  V2s 

Chi.  U.  Station  6  J^s 

J-J 

FMAN 

25 

J-J 

25 
500 

10 

10 

Clev.  U.  Term.  1st  sink.  5  Ms 

Elgin  J.  &  E.  Ry.  Eq.  5s. . . 

A-0 
J-J 

360 

Elgin  J.  &  E.  Ry.  6s . 

A-O 

48 

100 

50 

50 

21 
21 

Gt.  Nor.  1st  ref.  4  Ms 

1961 
1955 
1960 
1928 
1957 
1949 
1990 
1977 
1946 
2047 
2047 
1946 
1961 
1965 
1960 
1975 
1952 
1955 
1950 
1994 
1953 
1946 
2008 
1962 

J-J 

111.  Cent.  R.  R.  ref.  4s 

M-N 

Kan.  City  Term.  1st  4s. . . 

J-J 

Lake  S.  and  M.  S.  4s 

M-S 

325 

Lehigh  and  L.  E.  4  Ms. . . 

M-S 

50 
50 

M-S 

25 

25 

S18 

Mo.  Kan.  &  T.  1st  4s 

J-D 

75 

Mo.  Pac.  R.  R.  Co.  1st  and  ref.  5s. . 
N.  Y.  W.  and  Boston  1st  4  Ms 

M-S 

50 
95 
50 
2 
50 
30 
101 

J-J 

5 

J-J 

FMAN 

4 
10 
50 

25 
25 

20 

15 

Ore.  Short  Line  con.  5s 

J-J 

Ore.  Wash.  R.  &.  N.  1st  ref.  4s 
Pa.  R.  R.  Co.  gen.  4  Ms 

J-J 
J-D 

24 

Pa.  R.  R.  Co.  con.  4 Ms. . . 

F-A 

100 

Pitts.  C.  C.  &  St.  L.  5s... 

A-0 

42 

100 

So.  Pac.  1st  ref.  4s 

J-J 

100 

So.  Pac.  S.  F.  Ter.  4s 

A-0 

275 

50 

25 

So.  Rwy.  Co.  1st  con.  5s 

J-J 

12 

Term.  R.  R.  Assn.  4s 

J-J 

2,084 

Union  R.  R.  deb.  6s 

J-D 

140 

Va.  Ry.  Co.  1st  5s 

M-S 

100 

M-N 

4,070 

120 

300 

1,571 

252 

80 

18 

6,411,000 

Railway  Sub-Total 

170 

170,000 

50,000 

113,000 

110,000 

110,000 

8,000 

2,129,000 

15,700,000 

Industrial: 

Aluminum  Co.  of  A.  1st  sink-  deb..  . 

Genl.  Motors  Am.  Corp.  sink.  6s.  .  . 
Liggett  &  Myers  7s 

1952 
1947 
1937 
1944 
1944 
1936 
1951 
1951 

M-S 

25 

15 
38 
98 
95 

10 
50 

A-0 

25 

2 
5 

F-A 

10 
10 

8 

A-0 

Lorillard  Co.  7s 

A-O 

Park  &  T.  Co.  sink.  deb.  6s 

Tenn.  C,  I.,  &  R.  Co.  5s 

J-D 

2,129 

J-J 

15,700 

U.  S.  Steel  Corp.  reg.  5s 

Mo. 

18,024 

28 

246 

60 

32 

18,390,000 

Industrial  Sub-Total 

1 
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REPORT   OF   AUDITORS 

Schedule  of  Securities 


Cost  or  Value  at  Date  Acquired 


Endowment 

Colburn 
Fund 

Harriman 
Fund 

Reserve 
Fund 

Insurance 
Fund 

Pension 
Fund 

Special  Emer- 
gency Res.  Fund 

Total 

$50,056.25 

$50,056.25 

$102,375.00 

39,231.50 

48,250.00 

141,263.75 

102,375.00 

$9,790.00 

49,021.50 

48,250.00 

28,237.50 

169,501.25 

$200,000.00 

200,000.00 

$159,268.00 

159,268.00 

13,953.75 

$4,070.00 

14,925.00 

100,300.00 

85,610.25 

5,153.75 

995.00 

33,943.75 

100,300.00 

28,656.25 

114,266.50 

25,843.75 

10,300.00 

10,315.00 

51,612.50 

500,000.00 

500,000.00 

360,000.00 

360,000.00 

48,109.25 
89,668.75 
40,520.00 
47,000.00 

20,944.00 
19,008.75 

69,053.25 

108,677.50 

40,520.00 

47,000.00 

331,568.30 

331,568.30 

48,285.00 
38,661.67 

48,285.00 

19,366.67 

19,396.67 

77,425.01 

73,875.00 

$18,000.00 

91,875.00 

49,187.50 
96,756.25 
33,101.25 
1,955.00 
46,375.00 
29,837.50 
105,608.12 

49,187.50 

5,431.25 

102,187.50 

33,101.25 

3,910.00 

7,940.00 

51,062.50 

24,468.25 
19,881.25 

19,550.00 
11,956.25 

49,883.25 

86,152.50 

80,900.00 

25,095.01 

130,703.13 

99,637.50 

99,637.50 

4,200.00 

4,200.00 

92,148.75 

92,148.75 

100,000.00 

100,000.00 

290,812.50 

47,875.00 

23 ,843 .75 

362,531.25 

10,218.00 

10,218.00 

2,084,000.00 

2,084,000.00 

128,722.50 

128,722.50 

100,723.00 

100,723.00 

4,078,556.05 

81,482.50 

300,000.00 

1,480,920.79 

237,327.68 

71,007.92 

18,000.00 

6,267,294.94 

169,625.00 

169,625.00 

22,787.50 

13,510.00 

38,000.00 

116,083.27 

111,253.50 

9,002.50 
50,037.50 

45,300.00 

25,056.25 
2,375.50 
5,863.75 

113,093.75 

11,600.00 

11,497.50 

6,400.00 

130,058.77 

128,614.75 

6,400.00 

2,129,000.00 

2,129,000.00 

15,700,000.00 

15,700,000.00 

18,021,412.50 

29,497.50 

278,846.77 

59,040.00 

33,295.50 

18,422,092.27 
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CARNEGIE    INSTITUTION   OF  WASHINGTON 

Schedule  of  Securities — Continued 


Par  Value  Represented  in  Thousands 

Aggregate — 
Par  Value 

Description 

Ma- 
turity 

Endow- 
ment 

Col- 
burn 

Harri- 
man 

Re- 
serve 

Insur- 
ance 

Pen- 
sion 

Spl.Em. 
ReFd. 

Int. 
Due 

$100 

$50 

47 

$150,000 

125,000 

100,000 

50,000 

100,000 

100,000 

100,000 

125,000 

50,000 

100,000 

100,000 

280,000 

72,000 

52,000 

50,000 

42,000 

100,000 

125,000 

50,000 

50,000 

50,000 

100,000 

99,000 

50,000 

Public  Utility: 

1951 
1943 
1960 
1929 
1956 
1956 
1956 
1953 
1936 
1955 
1967 
1966 
1952 
1952 
1941 
1949 
1941 
1942 
1941 
1947 
1956 
1956 
1944 
1995 

J-D 

$53 

$25 

Am.  Tel.  &  Tel.  sink.  deb.  5^s 
Am.  Tel.  &  Tel.  deb  5s 

M-N 
J-J 

100 

50 

Am.  Tel.  &  Tel.  col.  4s  . 

J-J 

100 

Apl.  E.  P.  Co.  1st  ref.  5s     . 

M-N 

50 

50 

Ark.  P.  &  L.  Co.  5s 

A-0 

100 

Car.  P.  &.  L.  Co.  ref.  5s 

A-0 

100 

25 

25 
100 

Cedar  R.  Mfg.  &  P.  Co.  1st  sink.  5s.  . 
Consumers  P.  Co.  1st  ref.  5s 

J-J 

25 

j-j 

J-D 

75 

$25 

Ga.  Power  Co.  1st  ref.  5s 

M-S 

280 
27 
30 
50 
18 

Int.  Rap.  Trans,  ref.  5s. 

J-J 

25 
12 

20 
10 

Kan.  City  P.  &  L.  5s 

M-S 

N.  Eng.  Tel.  &  Tel.  5s  . 

J-D 

N.  Y.  Edison  1st  ref.  6J^s.  . 

A-0 

24 

N.  Y.  Gas.  E.  L.  H.  P.  pur.  mon.  4s.  . 
Nor.  States  P.  1st  ref.  5s 

F-A 

100 

A-O 

75 

50 

50 
50 

Pac.  G.  &  E.  Co.  gen.  &  ref.  5s 
So.  Bell  Tel.  &  Tel.  1st  sink.  5s 
So.  Calif.  Tel.  Co.  1st  ref.  sink.  5s .  . 

Tenn.  E.  &  P.  1st  and  ref.  5s 

Tex.  P.  &  L.  Co.  5s 

J-J 

J-J 

M-N 

50 

J-D 

50 

50 

10 

M-N 

75 

14 

Utah  L.  &  T.  Co.  5s 

A-0 

50 

A-0 

1,025 

962 

129 

79 

25 

2,220,000 

Public  Utility  Sub-Total 

50 

100 

25 

25 

200,000 
50,000 

100,000 

100,000 
25 ,000 
75,000 

100,000 
60,000 
40,000 

100,000 
50,000 
50,000 

Foreign: 

Dom.  of  Canada  5s 

1952 
1949 
1960 
1954 
1956 
1954 
1950 
1937 
1943 
1949 
1943 
1946 

M-N 

50 

German  External  Loan  of  1924  7s .  . 
Govt,  of  Argentina  6s 

A-O 

100 

M-N 

100 

Imp.  Japanese  Govt.  6  J^s 

F-A 

25 

75 

City  of  Montreal  5s 

M-N 

City  of  Montreal  sink.  5s 

M-N 

100 

Province  of  Alberta  5s 

A-O 

25 

35 

40 
75 
50 
50 

Province  of  Ontario  5  )^s 

J-J 

Province  of  Ontario  6s 

M-S 

25 

City  of  Winnipeg  inter,  deb.  5s 

Citv  of  Winnipeg  deb.  6s 

J-D 

J-D 

A-0 

425 

450 

50 

25 

950,000 

Foreign  Sub-Total 

23,544 

148 

300 

3,229 

491 

216 

43 

27,971,000 

Aggregate — Funds  Invested. . . . 

' 

REPORT   OF   AUDITORS 

Schedule  of  Securities — Continued 


Cost  or  Value  at  Date  Acquired 


Endowment 

Colburn 
Fund 

Harriman 
Fund 

Reserve 
Fund 

Insurance 
Fund 

Pension 
Fund 

Special  Emer- 
gency Res.  Fund 

Total 

$98,875.00 

$48,125.00 
47,354.25 

$147,000.00 

$53,598.25 

$24,943.75 

125,896.25 

98,000.00 

98,000.00 

45,500.00 

45,500.00 

96,343.75 

96,343.75 

48,875.00 

47,500.00 

96,375.00 

100,343.75 

100,343.75 

99,544.54 

24,025.00 
23,878.50 
99,942.50 

123,569.54 

23,812.50 

47,691.00 

99,942.50 

72,781.25 

$24,312.50 

97,093.75 

276,701.00 
26,925.75 
29,858.75 
55,573.75 
14,927.00 

276,701.00 

24,999.50 
11,934.25 

20,030.00 
9,955.00 

71,955.25 

51,748.00 

55,573.75 

19,693.50 

34,620.50 

99,709.50 

99,709.50 

74,380.00 

46,399.28 
47,687.50 
46,000.00 

120,779.28 

47,687.50 

46,000.00 

50,437.50 

50,437.50 

48,125.00 

48,437.50 
9,545.00 

96,562.50 

72,937.50 

13,363.00 

95,845.50 

49,906.25 

49,906.25 

1,010,259.04 

938,380.78 

127,707.50 

74,622.25 

24,312.50 

2,175,282.07 

49,500.00 

98,936.25 

24,727.50 

24,727.50 

197,891.25 

53,830.00 

53,830.00 

98,250.00 

98,250.00 

101,437.50 

101,437.50 

24,062.50 
72,375.00 

24,062.50 

72,375.00 

101,125.00 

101,125.00 

25,503.60 

35,787.50 
43,137.50 
72,114.32 
48,250.00 
53,500.00 

61,291.10 

43,137.50 

24,038.10 

96,152.42 

48,250.00 

53,500.00 

429,646.10 

448,163.07 

48,765.60 

24,727.50 

951,302.27 

23,539,873.69 

8110,980.00 

$300,000.00 

3,146,311.41 

472,840.78 

203,653.17 

42,312.50 

27,815,971.55 
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CARNEGIE    INSTITUTION   OF  WASHINGTON 

Real  Estate  and  Equipment,  Original  Cost 

Administration  {October  31,  1927): 

Building,  site,  and  equipment $341 ,  187  .77 

Laboratory  for  Plant  Physiology  {September  80,  1927): 

Buildings  and  grounds $54 ,  930 .46 

Laboratory  and  library 37,573  .99 

Operating  appliances 11, 397 .  13 

103 , 901 .58 

Ecological  Research  {June  80,  1927): 

Building,  Laboratory 10,018  .04 

Library,  Operating 4, 884 .  13 

14,902.17 

Department  of  Embryology  {September  30,  1927): 

Library 1,848.18 

Laboratory 8,655.39 

Administration 4 ,  468 .61 

14,972.18 

Department  of  Genetics  {September  30,  1927): 

Buildings,  grounds,  field 292,606.85 

Operating 22,930 .72 

Laboratory  apparatus 16, 390 .56 

Library 28,338 .88 

Archives 45,488 .90 

*405,755.91 

Geophysical  Laboratory  {September  30,  1927): 

Building,  library,  operating  appliances 199,901 .78 

Laboratory  apparatus 110,336 .80 

Shop  equipment 12,224.27 

322,462.85 

Department  of  Historical  Research  {September  30,  1927): 

Office 3,622.46 

Library 5,348.85 

8,971.31 

Department  of  Marine  Biology  {September  30,  1922): 

Vessels 30,930  .43 

Buildings,  docks,  furniture,  and  library 12, 130 .86 

Apparatus  and  instruments 9, 322 .55 

52,383.84 

Department  of  Meridian  Astrometry  {September  SO,  1927): 

Apparatus  and  instruments 3, 746  .84 

Operating 4 ,  657  .66 

8,404.50 

Nutrition  Laboratory  {September  30,  1927): 

Building,  office,  and  shop 126, 163  .00 

Laboratory  apparatus 28,657 .76 

154,820.76 

Mount  Wilson  Observatory  {August  31,  1927): 

Buildings,  grounds,  road,  and  telephone  line 199,324  .64 

Shop  equipment 43,911 .78 

Instruments 562,429  .15 

Furniture  and  operating  appliances 179,353  .60 

Hooker  100-inch  reflector 600, 159  .86 

1,585,179.03 

Department  of  Terrestrial  Magnetism  {September  30,  1927): 

Building,  site,  and  office 210,830.12 

Vessel  and  survey  equipment 198 ,  602  .58 

Instruments,  laboratory,  and  shop  equipment 131,734.40 

541,167.10 


3,554,109.00 


*  Including  Harriman  Fund  property  in  the  amount  of  $183,671.75  shown  as  a  separate  item 
on  the  Balance  Sheet. 
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BEPOBTS  ON  INVESTIGATIONS  AND  PEOJECTS 


The  following  reports  and  abstracts  of  reports  show  the 
progress  of  investigations  carried  on  during  the  year  ending 
June  30,  1927,  including  not  only  those  recently  authorized,  but 
others  on  which  work  has  been  continued  from  prior  years. 
Reports  of  Directors  of  Departments  are  given  first,  followed 
by  reports  of  recipients  of  grants  for  other  investigations,  the 
latter  arranged  according  to  subjects. 


DEPARTMENT  OF  EMBRYOLOGY1 

George  L.  Streeter,  Director 

In  reviewing  the  work  of  the  past  year  there  should  be  mentioned  various 
extramural  activities  which,  though  not  a  direct  part  of  our  investigations, 
constitute  profitable  contacts  between  the  laboratory  as  a  whole,  or  the 
individual  members,  and  other  individuals,  groups  and  institutions.  Among 
these  is  the  diagnostic  service  which  is  maintained  for  the  general  medical 
profession,  in  charge  of  Dr.  C.  H.  Heuser.  Each  year  about  600  embryological 
specimens  are  received  for  examination  and  diagnosis.  By  seeing  a  large 
number  of  such  specimens  we  have  obtained  experience  and  data  that  enable 
us  to  give  expert  opinion  on  such  matters  as  the  determination  of  age,  sex, 
race,  anomalous  development,  pathological  conditions,  and,  to  some  extent, 
the  cause  of  the  abortion  or  defective  condition  when  such  occur.  In  perform- 
ing this  service  for  the  physician  we,  in  return,  receive  valuable  clinical  infor- 
mation from  him,  and,  also,  we  have  learned  that  the  abnormal  specimen 
frequently  reveals  important  facts  regarding  normal  development.  Another 
type  of  contact  is  that  maintained  with  other  departments  of  the  Institution 
and  with  members  of  embryological  laboratories  in  various  universities. 
Through  this  means  cooperative  endeavors  are  being  carried  on  that  could 
not  otherwise  be  accomplished.  Formal  published  addresses  have  been  given 
by  members  of  our  group  as  listed  in  the  appended  bibliography.  In  addition 
to  these  a  number  of  papers  have  been  read  during  the  past  winter  before 
biological  and  medical  societies  by  Dr.  Lewis,  Dr.  Hartman  and  myself. 

Our  completed  researches  are  described  in  the  following  pages.  In  sum- 
marizing them  it  will  be  noted  that  they  fall  in  certain  groups.  Under  the 
heading  of  general  embryology  are  included  investigations  on  cleavage  stages 
of  pig  ova,  showing  the  precocious  development  of  the  trophoblastic  elements, 
on  organogenesis  in  early  human  embryos,  and  on  abnormal  development  and 
monster  formation.  A  group  of  important  investigations  on  the  structure  of 
the  individual  cell  is  included  under  cytology.  Among  these  are  studies  prov- 
ing that  giant  cells  may  form  by  fusion  of  cells,  new  evidence  as  to  the  func- 
tional independence  of  the  individual  syncytial  cell,  demonstration  of  the 
origin  of  phagocytic  cells  by  means  of  a  new  technique  in  which  the  living 
cell  is  marked,  and  the  discovery  that  tumor  virus  may  be  inactivated  by 
treatment  with  carmine.  Among  the  investigations  on  the  mechanism  of 
reproduction,  which  is  of  prime  concern  to  the  embryologist,  are  the  studies 
on  the  anatomy  and  embryology  of  the  reproductive  organs,  physiological 
studies  on  the  oestrous  cycle  and  studies  on  placentation.  The  latter  provide 
an  improved  basis  for  the  analysis  of  the  placentae  of  different  mammalian 
types.  The  investigations  on  the  nervous  system  include  developmental 
studies  of  the  cortical  areas  of  the  brain,  in  continuation  of  the  stimulation 
experiments  of  last  year.  There  are  also  included  studies  of  the  development 
of  the  reflexes  involved  in  the  maintenance  of  posture  and  the  act  of  progres- 
sion. These  together  with  observations  on  muscle  innervation  constitute  a 
fundamental  approach  to  the  problem  of  the  development  of  reflex  behavior. 
In  a  final  group  of  investigations  are  included  studies  on  developmental 

1  Address:  Wolfe  and  Madison  Streets,  Baltimore,  Maryland. 

3 


4  CARNEGIE    INSTITUTION    OF   WASHINGTON 

variations  in  man  and  other  primates,  an  anthropological  study  of  the  develop- 
ment of  the  human  foot,  and  human  and  comparative  studies  of  the  facial 
musculature  and  of  the  abdominal  viscera. 

GENERAL  EMBRYOLOGY  AND  ORGANOGENESIS 

Formation  of  the  Segmentation  Cavity 

During  the  past  year  the  writer  has  studied  certain  features  of  cleavage  of 
the  early  ovum.  This  was  made  possible  through  our  good  fortune  to  come 
into  possession  of  "timed"  specimens  of  pig  ova  covering  fairly  completely 
the  first  two  weeks  of  development — a  period  wholly  unknown  for  man  and 
only  imperfectly  known  for  any  of  the  higher  mammals.  These  ova  were 
studied  in  the  fresh  state  and  after  fixation,  principally  by  means  of  photo- 
graphic records.  They  were  then  sectioned  serially  and  studied  under  higher 
powers.  In  this  condition  it  is  possible  to  count  the  cells  and  follow  their 
gradual  differentiation.  It  was  found  that  the  egg  at  the  end  of  the  second 
day,  after  insemination,  consists  of  1  or  2  cells;  at  the  end  of  the  third  day, 
about  4  cells;  at  the  end  of  the  fourth  day,  about  8  to  16  cells;  at  the  end  of  the 
fifth  day,  about  32  cells;  at  the  end  of  the  sixth  day,  about  64  cells;  and  at  the 
end  of  the  seventh  day,  about  180  cells.  Due  to  the  several  factors  concerned, 
there  is  some  variation  in  the  cleavage  process,  but,  in  general,  during  the  first 
week  cell  division  occurs  at  the  rate  of  about  one  division  a  day.  Now  it 
happens  that  starting  with  the  two  blastomeres  all  cells  do  not  divide  at  the 
same  rate,  so  that  one  soon  notices  larger  undivided  cells  set  off  from  smaller 
actively  dividing  ones.  These  more  precocious  cells  soon  begin  to  be  dis- 
tinguished by  differentiation  in  structure  as  well  as  by  their  smaller  size,  and 
they  can  be  subsequently  traced  into  typical  trophoblast  cells.  Toward  the 
end  of  the  fifth  day,  when  the  egg  consists  of  from  16  to  32  cells,  one  can  see  an 
accumulation  of  fluid  in  spaces  between  the  precocious  trophoblast  cells.  This 
lakelet  is  the  beginning  of  the  segmentation  cavity.  The  storage  of  fluid  in 
the  intercellular  trophoblastic  spaces  indicates  that  these  cells  are  beginning 
to  assume  a  special  function  correlated  with  their  differentiation  in  structure. 
As  the  fluid  increases  the  cells  appear  to  become  crowded  and  flattened 
against  the  zona  pellucida,  but  perhaps  it  would  be  more  properly  described 
if  one  said  that  these  trophoblast  cells  flattened  themselves  against  the  zona, 
since  they  exhibit  a  physical  affinity  for  that  membrane,  against  which  they 
spread  themselves  out,  meeting  edge  to  edge.  In  that  way  they  form  an  in- 
closing wall  for  the  accumulated  fluid  and  the  segmentation  cavity  can  be  said 
to  be  definitely  established.  In  short,  the  segmentation  cavity  is  a  product 
of  the  precocious  differentiation  and  functional  activity  of  the  trophoblast;  it 
is  a  purely  trophoblastic  structure  and  a  necessary  mechanism  of  implantation 
and  an  essential  step  in  the  development  of  the  membranes  that  are  to  inclose 
the  embryo.  There  is  no  evidence  that  the  segmentation  cavity  is  formed  by 
the  breaking  down  of  the  central  cells  of  the  egg  as  many  previous  investiga- 
tors have  supposed. 

Development  of  the  Human  Pericardial  Cavity 

In  connection  with  his  studies  on  the  development  of  the  heart,  Dr.  C.  L. 
Davis  has  investigated  the  formation  of  the  pericardial  cavity.  The  very 
early  stages  of  this  structure  were  heretofore  unknown  and  Dr.  Davis  has 
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performed  the  service  of  replacing  surmise  with  actual  observation.  In 
embryos  just  before  the  somites  are  marked  off  one  can  see,  in  process,  the 
fusion  of  multiple  vesicular  spaces,  which  appear  as  major  clefts  and  smaller 
vesicles  arranged  as  a  horseshoe-shaped  system  of  spaces  circumscribing  the 
headfold  and  extending  caudally  to  the  level  where  the  first  pair  of  somites  is 
coming  into  view.  Dr.  Davis  shows  how,  preceding  the  completion  of  the 
endothelial  heart,  the  margins  of  this  cleft  open  like  a  yawning  mouth, 
crowding  backward  the  cardiogenic  plate  and  the  endoderm  in  a  way  that 
causes  the  latter  to  form  thereafter  the  floor  of  the  foregut.  The  expanding 
pericardial  cavity,  in  fact,  becomes  one  of  the  factors  in  the  formation  of  the 
foregut,  and  one  finds  that  the  position  of  the  pharyngeal  membrane  always 
remains  constant  relative  to  its  distance  from  the  first  somite.  The  elonga- 
tion of  the  foregut  is  in  part  accounted  for  by  the  pressing  back  of  its  ventral 
wall  on  the  part  of  the  expanding  pericardial  space.  It  thus  turns  out  that 
the  pericardium  acquires  its  characteristic  relations  without  the  necessity  of 
a  ventral  mesocardium  which  heretofore  had  been  imagined  in  the  hypothet- 
ical descriptions  of  the  formation  of  this  structure. 

Development  of  the  Mesonephros 

In  the  case  of  the  organs  of  reproduction  we  not  only  have  to  deal  with  an 
intricate  system,  but  also  one  presenting  marked  differences  in  the  two  sexes. 
It  is  therefore  especially  important  that  their  structure  and  relations  be 
traced  back  into  the  earlier  stages  where  they  are  in  a  simpler  and  more 
fundamental  state.  An  intimate  acquaintance  with  all  the  steps  in  develop- 
ment is  the  only  satisfactory  basis  for  explanations  of  anomalous  types  and 
the  various  forms  of  faulty  development  that  are  so  frequently  met  with  in 
this  part  of  the  body.  Much,  of  course,  has  already  been  done  on  the  earlier 
stages  of  the  mesonephros.  There  is,  however,  a  considerable  gap  between 
the  known  early  stages  and  the  mature  structures.  This  gap  has  been  par- 
tially filled  by  Professor  J.  Shikinami,  during  a  recent  sojourn  in  this  laboratory, 
who  has  made  a  careful  three-dimension  study  of  the  mesonephros,  or  wolffian 
body,  in  a  series  of  human  embryos  ranging  from  4  to  23  mm.  in  length.  His 
description  is  accompanied  by  carefully  executed  plastic  illustrations,  show- 
ing the  detailed  morphology  of  these  organs  and  their  relation  to  the  surround- 
ing structures,  which  will  be  of  especial  value  to  embryologists  who  do  not 
have  access  to  the  original  material.  The  period  covered  by  Dr.  Shikinami 
extends  from  the  earlier  steps  in  the  formation  of  the  mesonephros,  following 
it  to  its  maximum  development  and  then  to  its  beginning  recession  and 
atrophy.  We  now  need  to  complete  the  interval  from  the  recession  of  the 
mesonephros  to  the  completion  of  characteristic  form  of  the  pelvic  organs, 
being  in  females  the  history  of  the  Mullerian  duct. 

A  New  Type  of  Epithelial  Pocket  in  the  Chorion  of  the  Pig 

In  studying  the  mechanism  of  implantation  of  the  ovum  of  the  pig,  Dr. 
C.  H.  Heuser  has  investigated  with  the  use  of  various  techniques  the  detailed 
anatomy  of  the  chorion  at  all  stages  of  development.  The  results  of  this 
study  will  appear  in  volume  XIX  of  the  Contributions  to  Embryology.  In 
the  progress  of  his  work  Dr.  Heuser  discovered  a  hitherto  undescribed  form 
of  epithelial  invagination  resulting  in  cysts,  varying  from  0.25  to  5.0  mm.  in 
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diameter,  in  the  chorionic  wall.  These  structures  are  not  to  be  confused 
with  the  well-known  areolae.  They  seem  to  begin  as  enlargements  of  the 
intervillous  fossae,  and  appear  first  as  shallow  depressions  or  pits  opening  wide 
upon  the  uterine  surface  of  the  chorion.  The  more-developed  ones  form 
pockets  or  wide-mouthed  vesicles  pushing  deep  in  the  chorionic  wall.  At 
this  stage  they  are  lined  with  active  epithelial  cells.  Those  further  advanced 
have  only  a  slender  duct  connecting  with  the  surface,  and  in  some  of  them  the 
duct  is  closed  at  its  distal  end.  In  vesicles  of  this  type  the  epithelium  be- 
comes flatter  and  assumes  the  inactive  appearance  characteristic  of  cysts. 
In  all  cases  they  are  closely  invested  by  a  fine-meshed  capillary  net  which  is 
evidence  of  their  functional  nature.  With  advancing  pregnancy  they 
increase  in  number,  there  being  about  300  pits  and  vesicles  scattered  over  the 
whole  chorion  with  an  embryo  of  138  mm. 

Development  of  the  Neuromuscular  Spindles 

Dr.  F.  Cuajunco,  who  has  been  here  temporarily  as  a  member  of  the 
anatomical  staff,  has  studied  the  embryology  of  the  motor  and  sensory 
innervations  in  the  pig.  He  has  found  that  with  silver  impregnation  one  can 
distinguish  between  the  motor  and  sensory  innervations  in  pig  embryos  45 
mm.  long.  In  a  preliminary  account  of  this  study  he  describes  the  earliest 
characteristics  of  the  neuromuscular  spindles  and  their  gradual  differentia- 
tion in  80  mm.  and  150  mm.  fetuses  and  finally  the  adult  forms  found  in 
fetuses  from  about  170  mm.  and  on.  Dr.  Cuajunco  finds  both  medullated 
and  non-medullated  fibers  innervating  the  spindles.  At  first  ringlets  and  dot- 
like enlargements  appear  along  the  course  and  at  intersections  of  the  plexus 
forming  fibrillar  endings  on  the  intrafusal  muscle  fibers.  These  enlargements 
become  transformed  into  variously  shaped  expansions  consisting  of  a  network 
of  delicate  nerve  fibrillae.  The  work  of  this  investigator  completes  a  link  in 
the  chain  of  structures  that  must  be  known  and  reckoned  with  if  we  are  to 
understand  the  nervous  mechanisms  of  the  embryo.  Dr.  Cuajunco  has  also 
completed  a  description  of  the  nerve  endings  in  muscle  for  human  embryos 
which  is  in  press  and  will  appear  in  volume  XIX  of  the  Contributions  to 
Embryology,  to  which  I  will  return  in  my  next  report. 

Monster  Formation  in  Paramecium  Caudatum 

Dr.  C.  F.  De  Garis  has  discovered  that  by  temporarily  exposing  the  uni- 
cellular organism  Paramecium  to  certain  injurious  fluids  during  the  process 
of  cell  division  the  process  can  be  arrested  in  an  uncompleted  state,  and  if 
returned  to  a  favorable  medium  the  conjoined  halves  can  no  longer  complete 
the  division,  but  continue  to  grow  as  components  of  a  double  monster.  Such 
monsters  ma}^  be  kept  alive  15  to  20  days,  during  which  time  some  of  them 
give  rise  to  further  conjoined  segments  or  to  more  or  less  distorted  or  perhaps 
normal  detached  forms.  The  detached  forms,  if  abnormal,  either  fail  to  divide 
and  soon  perish,  or,  as  is  usually  the  case,  become  regulated  through  a  series 
of  divisions  into  normal  forms.  It  is  significant  to  note  that  the  detached 
forms  if  normal  give  rise  to  normal  progeny,  no  matter  how  grossly  distorted 
their  parent  monster  may  have  been.  In  other  words  there  was  no  evidence 
that  such  acquired  monstrous  conditions  were  in  any  way  inherited.  Whether 
producing  a  double-monster  Paramecium  by  injuring  it  at  a  critical  period 
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can  be  likened  to  the  production  of  vertebrate  double  monsters  by  rendering 
their  environment  unfavorable  at  a  critical  moment  of  development  consti- 
tutes an  interesting  speculation.  Sure  it  is,  that  both  are  abnormal  phe- 
nomena. The  arrest  in  division  in  Paramecium  in  some  ways  is  like  that 
seen  in  tissue  cultures,  where  cells  almost  divided  are  seen  to  stop  and  either 
go  no  further  or  flow  back  together  as  a  single  cell  again.  In  such  cases  also 
the  cause  apparently  rests  with  some  unfavorable  property  in  the  environ- 
ment. 

There  are  at  least  three  factors  involved  in  monster-production  in  Para- 
mecium; there  must  be  the  injurious  agent  or  some  unfavorable  character  of 
the  environment;  this  injurious  agent  must  be  applied  at  a  critical  period  in 
the  development  of  the  organism;  and  the  injurious  agent  must  be  of  sufficient 
strength  and  applied  over  a  sufficient  length  of  time  to  produce  the  desired 
result.  The  injurious  agents  used  by  Dr.  De  Garis  were:  low  temperatures 
(3°  to  8°  C),  cyanide  vapor,  ethyl  alcohol,  formalin,  chloroform  and  ether. 

Abnormal  Development  of  Vena  Cava  Superior 

To  the  embryologist  anomalous  development  is  always  of  interest.  He 
regards  it  as  an  experiment  in  nature  that  contributes  to  a  better  understand- 
ing of  the  factors  determining  normal  development.  It  is  for  this  reason 
that  Dr.  Bela  Halpert  has  made  a  careful  study  of  a  case  of  complete  situs 
inversus  of  the  vena  cava  superior  occurring  in  a  two-months-old  negro  baby, 
being  a  comparatively  rare  anomaly.  The  right  vena  vaca  superior  was 
entirely  absent  and  was  replaced  by  the  left  which  extended  from  the  junction 
of  the  two  innominate  veins,  in  front  of  the  aorta  and  pulmonary  artery,  to 
join  the  coronary  sinus,  which,  though  greatly  enlarged,  was  otherwise  normal. 
An  interesting  feature  of  the  case  was  the  drainage  of  the  superior  sagittal 
sinus  to  the  left  side,  instead  of  the  right  which  is  usually  the  case.  It  is 
evidently  a  part  of  the  condition  of  situs  transversus. 

CYTOLOGICAL  STUDIES 

Physical  Interrelation  of  Living  Cells 

The  microdissection  studies  of  F.  E.  Kredel  adds  an  important  link  to  the 
accumulating  chain  of  evidence  that  fusion,  that  is,  physiological  continuity, 
of  cells  in  most  animal  tissues  is  only  apparent,  that  the  supposed  inter- 
cellular bridges  are  for  the  most  part  fixation  artifacts  and  syncytia  are  merely 
the  result  of  intercellular  adhesion.  In  the  reports  from  this  department  I 
have  had  several  occasions  to  refer  to  this  subject,  especially  the  observations 
of  Dr.  Lewis  (Year  Book  No.  21),  upon  the  independence  of  cells  in  tissue 
cultures  of  mesenchyme,  endothelium,  amniotic  ectoderm  and  heart  muscle. 
There  was  also  the  evidence  of  Dr.  Hogue  (Year  Book  No.  21),  who  showed 
that  culture  cells  withdraw  their  processes  in  the  presence  of  certain  solutions 
and,  later,  De  Garis  (Year  Book  No.  23)  showed  that  in  cultures  of  fibroblasts 
one  could  study  the  movements  of  the  granules  and  thus  demonstrate  the 
physiological  independence  of  the  individual  cells. 

Mr.  Kredel  has  utilized  the  discovery  of  Chambers  who  showed  that  injury 
to  a  cell  by  means  of  a  microdissection  needle  will  cause  coagulation  changes 
in  that  cell,  but  the  effect  is  not  transmitted  to  neighboring  cells  unless  there 
is  organic  cellular  continuity.     This  technique  has  been  applied  by  Mr. 
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Kredel  to  tissue  cultures  of  fibroblasts,  amniotic  ectoderm,  smooth  muscle, 
endoderm,  liver  cells,  endothelium  and  epithelium  from  the  skin.  In  none  of 
these  tissues  did  a  mechanical  injury  to  a  particular  cell  show  any  evidence  of 
affecting  the  adjacent  cells,  proving  the  absence  of  organic  cellular  continuity 
between  them.  Microdissection  studies  have  been  frequently  made  on  marine 
ova,  protozoa  and  teased  preparations  of  living  tissues,  but  this  is  the  first 
time  it  has  been  extensively  combined  with  the  tissue  culture  technique.  The 
hanging-drop  culture  method,  developed  by  Dr.  and  Mrs.  Lewis  in  this  labora- 
tory, affords  a  means  of  operating  on  living  cells  of  the  higher  animal  forms 
which  is  admirably  suited  for  microdissection.  The  cells  are  flattened  out  on 
the  under  surface  of  a  coverslip  and  can  be  dissected  from  below  under  con- 
ditions of  perfect  visibility.  A  small  tear  in  the  surface  membrane  of  a 
fibroblast  permanently  injures  it;  the  nuclear  membrane  becomes  distinct; 
the  nucleus  first  swells,  then  shrinks  and  becomes  gray,  granular  and  cheesey; 
if  the  lesion  is  extensive,  the  cytoplasm  also  coagulates  and  becomes  darker 
and  granular.  An  interesting  phenomenon  was  noted  where  the  fibroblasts 
were  only  slightly  injured  by  a  minute  tear  in  the  surface  membrane.  The 
nucleus  showed  evidence  of  coagulation  but  in  a  half  hour  it  resumed  its 
original  appearance.  Where  the  lesion  is  sufficiently  extensive  to  cause 
coagulation  of  the  cytoplasm  the  reversal  of  the  gelation  never  occurs  and  the 
cell  dies.  This  coincides  with  the  observations  of  Mrs.  Lewis,  who  studied 
gelation  of  the  nucleus  and  cytoplasm  produced  by  various  acids.  The  long 
protruding  processes  of  fibroblasts  can  be  pinched  off  without  harm  to  the 
cell,  providing  the  surface  membrane  is  not  torn.  The  neutral-red  vacuoles 
can  be  pushed  around  in  the  cytoplasm  and  can  be  removed  without  much 
injury  to  the  cell.  On  removal,  the  vacuole  maintains  its  integrity  and  floats 
about  in  the  culture  medium,  proving  that  it  is  inclosed  by  a  film.  Another 
observation  of  interest  involved  the  adhesiveness  of  the  cells.  Cells,  which  are 
normally  strongly  adhesive,  when  their  membrane  is  injured  and  they  become 
coagulated  can  be  easily  pulled  apart.  They  are  also  less  sticky  for  glass  and 
may  drop  from  the  under  surface  of  the  coverslip  down  into  the  drop.  Mr. 
Kredel  thus  has  good  evidence  that  the  adhesive  quality  of  cells  is  dependent 
on  the  surface  tension  conditions  of  the  cell  membrane  rather  than  on  the 
presence  of  a  sticky  secretion  of  the  cell.  This  loss  of  the  adhesive  quality  of 
cells  is  very  rapid,  it  follows  almost  immediately  upon  coagulation  of  the 
cytoplasm. 

Origin  of  Phagocytic  Cells 

The  problem  of  the  mechanism  by  which  minute  foreign  particles  are  re- 
moved from  the  blood  stream  has  been  brought  nearer  solution  by  an  investi- 
gation completed  during  the  past  year  by  Dr.  C.  Eliot.  She  found  that  she 
could  "mark"  living  white  blood-cells  by  getting  them  to  phagocytize  carmine 
particles  and,  when  so  marked,  these  cells  could  be  injected  intravenously  into 
another  animal  and  accurately  traced  in  the  bloodstream  and  the  adjacent 
tissues  of  the  new  host.  By  this  means  this  investigator  was  able  to  demon- 
strate that  particulate  substances  are  promptly  phagocytosed  by  the  circu- 
lating leucocytes  which  then  gradually  leave  the  blood  stream  through  the 
capillaries  of  the  lungs,  liver,  spleen  and  other  tissues  and  become  transformed 
into  typical  phagocytic  cells.     It  was  well  known  that  foreign  particulate 
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substances  injected  intravenously  are  more  or  less  rapidly  removed  from  the 
blood  stream  and  deposited  in  various  organs  of  the  body  where  they  are  found 
later  within  phagocytic  cells.  But  among  investigators  there  had  been 
marked  difference  of  opinion  as  to  the  origin  of  these  phagocytic  cells.  That 
they  are  not  endothelial  but  are  transformed  white  blood-cells  is  apparently 
settled  by  Dr.  Eliot's  experiments. 

Marking  the  leucocytes  was  accomplished  in  two  ways.  A  suspension  of 
carmine  was  injected  in  the  marginal  ear  vein  of  a  rabbit.  Five  minutes  later 
blood  was  withdrawn  from  the  heart  and  with  its  contained  marked  cells 
stored  in  sterile  tubes  ready  for  reinjection  into  other  animals.  Cells  were 
marked  also  outside  of  the  animal  body  by  drawing  blood  into  syringes  con- 
taining carmine  and  heparian  and  after  centrifuging  the  carmine  containing 
white  blood-cells,  these  were  washed  and  resuspended  in  Locke  Solution. 

When  an  animal  receives  an  injection  of  marked  whole  blood  and  is  killed 
one  hour  later,  many  polymorphonuclear  leucocytes  and  monocytes  with 
their  identifying  carmine  are  found  still  circulating  in  the  blood  stream.  More 
of  them,  however,  are  found  lodged  in  the  capillaries  of  the  lung,  particularly 
those  with  the  largest  amount  of  carmine.  Where  rabbits  are  injected  with 
marked  blood  and  killed  after  24  hours  no  carmine  containing  cells  are  found 
in  the  circulating  blood;  but  in  the  tissue  spaces  and  along  the  endothelial 
lining  of  the  lung,  liver  and  spleen  one  finds  the  carmine  in  the  enlarged  mono- 
nuclear cells.  In  animals  killed  after  48  hours  carmine  containing  large 
mononuclear  cells  are  found  in  the  spleen,  lungs,  liver  and  cceliac  lymph  glands 
along  capillaries  and  in  the  tissues  beyond.  On  the  fifth  day  the  picture  is 
much  the  same  though  the  marked  cells  in  the  lungs  have  enlarged  as  epithe- 
lioid cells,  in  the  spleen  as  splenocytes  and  macrophages,  and  in  the  liver  as 
Kupffer  cells.  Thus  these  marked  leucocytes  behave  in  the  living  body  just  as 
similar  cells  do  in  the  blood  cultures  of  Dr.  and  Mrs.  Lewis.  Throughout  the 
experiments,  parallel  to  this  series  receiving  injections  of  carmine  containing 
leucocytes,  a  series  was  followed  in  which  carmine  was  injected  directly,  and  it 
was  found  that  essentially  the  same  picture  was  presented.  It  was  also  found 
that  a  very  dilute  solution  of  india  ink  produced  results  comparable  to  the 
carmine,  indicating  that  here  also  the  particles  are  ingested  by  the  circulating 
white  cells  which  later  pass  out  through  the  capillary  wall. 

Inactivation  of  Chicken-tumor  Virus 

In  the  report  of  this  department  for  last  year  the  important  discovery  of 
Mrs.  M.  R.  Lewis  and  Dr.  H.  B.  Andervont  that  the  malignant  cells  of  chicken 
sarcoma  are  for  the  most  part  modified  white  blood-cells,  stimulated  to  un- 
usual activity  by  the  tumor-producing  agent,  was  described.  They  further 
found  that  the  washed  white  blood-cells  from  a  tumor  chicken  injected  into 
the  breast  of  a  normal  one  brought  about  the  formation  of  a  tumor  and  that 
serial  inoculations  of  this  kind  could  be  made  through  as  many  as  four  gen- 
erations. This  raised  the  point  as  to  whether  the  injected  cells  are  directly 
transformed  into  malignant  cells,  or  only  serve  as  a  vehicle  for  the  virus  that 
causes  the  tumor.  During  the  past  year  these  investigators  undertook  to 
solve  this  question  by  marking  the  leucocytes  with  carmine,  using  the  method 
so  successfully  employed  in  the  studies  of  Dr.  Eliot.  It  was  thought  that  the 
phagocytized  bright  red  particles  might  make  it  possible  to  trace  the  injected 
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leucocytes  and  demonstrate  their  relation  to  the  subsequently  appearing 
tumor.  There  was  no  difficulty  in  getting  the  leucocytes  to  take  up  the  dis- 
tinguishing carmine  particles,  and  they  were  thereby  readily  identified  after 
injection;  but,  unfortunately,  this  treatment  of  them  prevented  the  formation 
of  a  tumor.  Either  the  virus  had  been  inactivated  or  the  leucocytes  had  been 
injured.  Previous  experience  had  shown  that  macrophages  can  take  up 
carmine  particles  without  interference  with  their  normal  activities.  It  there- 
fore seemed  probable  that  the  failure  of  the  marked  cells  to  produce  a  tumor 
was  due  to  the  unexpected  effect  of  the  carmine  upon  the  tumor-producing 
agent. 

Before  further  progress  could  be  made  it  was  necessary  to  study  the  effect 
of  carmine  upon  virus  as  found  in  chicken-tumor  extract  and  this  work  is  now 
well  under  way.  Carmine  powder  as  obtained  from  dye  manufacturers  is  a 
complex  material,  an  extract  of  the  cochineal  bug  and  precipitated  by  means 
of  aluminium,  calcium  and  certain  metal  acids,  the  process  differing  accord- 
ing to  the  manufacturer  preparing  it.  Mrs.  Lewis  and  Dr.  Andervont  soon 
found  that  a  saturated  extract  of  the  cochineal  bug  as  well  as  various  solutions 
of  carmine  failed  to  inhibit  the  growth  of  the  tumor,  indicating  that  it  was  not 
the  dye  principle  itself  that  was  inactivating  the  virus.  This  then  led  to  a 
series  of  experiments  with  various  calcium  and  aluminium  salts  such  as  are 
used  in  the  precipitation  of  the  dye  principle.  The  results  are  just  now  being 
obtained. 

In  the  meantime  the  possibility  has  been  considered  that  the  tumor  virus  in 
the  marking  experiments  was  absorbed  by  the  carmine  particles.  The 
phenomenon  of  absorption  of  toxins  and  viruses  by  particulate  substances  is 
a  familiar  one  to  immunologists.  In  addition  to  chicken-tumor  virus  the 
experiments  were  extended  to  vaccine  virus  and  fowl-pox  virus.  These  three 
were  tested  with  five  different  particulate  substances,  namely,  india  ink, 
kaolin,  baked  kieselguhr,  charcoal  and  carmine.  It  was  found  that  each  of 
the  three  viruses  studied  behaved  differently  in  respect  to  absorption  and 
inactivation.  What  was  of  greatest  concern  to  their  investigations  was  that 
chicken-tumor  virus,  though  not  readily  absorbed  by  the  other  four  parti- 
culate substances,  was  both  absorbed  and  inactivated  by  carmine,  when  any- 
thing more  than  1.25  per  cent  of  carmine  powder  was  added  to  a  0.1  per  cent 
extract  of  the  tumor.  The  effort  is  now  being  made  to  determine  which  of 
the  possible  components  of  carmine  is  responsible  for  this. 

Formation  of  Giant  Cells 

In  previous  reports  I  have  outlined  the  evidence  that  has  led  to  the  view 
that  mononuclear  cells,  clasmatocytes,  epithelioid  cells  and  giant  cells,  though 
differing  so  widely  in  appearance,  are  but  functional  states  of  the  same  cell. 
The  experiments  of  Dr.  and  Mrs.  Lewis  demonstrated  the  remarkable  capacity 
for  transformation  possessed  by  the  white  cells  normally  circulating  in  the 
blood.  In  considering  the  multinuclear  giant  cells,  commonly  associated 
with  tuberculous  lesions,  they  could  find  no  evidence  in  the  blood  cultures 
that  they  arose  by  fusions  and  therefore  concluded  that  they  arose  by  division 
of  the  nucleus  without  division  of  the  cytoplasm.  During  the  past  year  Dr. 
Lewis,  in  studying  cultures  of  tumor  cells,  has  obtained  further  evidence 
concerning  giant-cell  formation.     In  these  cultures  he  was  able  to  observe 


DEPARTMENT  OF  EMBRYOLOGY 


11 


the  fusion  of  the  epithelioid  cells  and  giant  cells,  also  giant  cells  with  giant 
cells,  following  the  process  under  the  microscope  from  minute  to  minute. 
The  fusion  and  incorporation  of  a  single  cell  into  a  giant  cell  may  be  com- 
pleted in  fifteen  minutes.  When  the  fusion  is  completed  there  is  no  indica- 
tion of  the  place  where  the  cells  fused.  Relatively  few  of  the  cells  in  the  cul- 
tures fuse,  in  spite  of  the  fact  they  are  constantly  in  contact  with  one  another. 
As  seen  in  the  accompanying  figure,  of  several  similar  cells  in  contact  with  a 
giant  cell,  only  certain  ones  fuse  with  it,  evidently  dependent  on  some  physical 
or  metabolic  difference  in  the  selected  cell. 


Fig.  1.  How  the  giant  cell  forms.  Drawings  made  at  intervals  from  a  living  culture,  showing 
a  small  giant  cell  surrounded  by  epithelioid  cells,  four  of  which  successively  fuse  with 
it.     Thus  its  nuclei  increase  from  three  to  seven  during  a  period  of  two  hours. 


The  process  of  fusion  is  initiated  by  the  blending  of  the  peripheral  homo- 
geneous ectoplasm.  There  is  then  a  gradual  assembling  of  similar  regions  of 
the  two  cells  into  common  and  united  zones :  the  granular  areas  unite  into  one 
large  area  and  the  nuclei  become  arranged  around  it;  the  intermediate  zones 
of  fat  globules,  if  present,  unite  to  form  one  common  zone  about  the  central 
area;  and  the  clear  peripheral  zones  unite  into  one  common  zone  and  form  the 
periphery  of  the  cell.  All  stages  of  this  phenomenon,  from  the  initial  fusion 
to  the  typical  completed  giant  cell,  can  be  seen  in  preparations  where  the 
fusion  is  taking  place  and  in  fixed  preparations. 
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BlNUCLEATE   CELLS 

A  study  of  the  binucleate  condition  of  cells  in  living  embryonic  tissues  has 
been  made  by  Professor  W.  H.  Lewis.  He  has  found  that  they  may  arise 
both  by  mitotic  and  amitotic  division  without  division  of  the  cytoplasm. 
Both  types  were  actually  observed.  Some  binucleate  cells  contain  one 
centrosphere,  some  two.  He  concludes  that  the  former  arise  by  amitotic  and 
the  latter  by  mitotic  division  of  the  nucleus  or  perhaps  by  fusion.  The 
binucleate  condition  is  a  fairly  common  anomaly  in  tissue  cultures  and  its 
frequency  tends  to  increase  with  the  age  of  the  culture,  suggesting  its  correla- 
tion with  the  accumulative  injurious  effects  of  the  abnormal  environment. 
The  behavior  of  the  two  nuclei  is  quite  variable,  as  one  might  expect  with  an 
anomalous  condition.  In  some  cases  where  mitotic  division  occurred,  the 
chromatin  material  from  the  two  nuclei  was  seen  to  merge  into  one  equatorial 
plate.  Sometimes  two  equatorial  plates  were  formed  with  two  spindles  and 
four  polar  bodies,  the  division  producing  four  nuclei  with  or  without  division 
of  the  cytoplasm.  Occasionally  the  mitosis  was  characterized  by  two  spindles 
with  a  common  centriole  at  one  pole.  This  resulted  in  the  chromatin  mate- 
rial from  the  spindles  uniting  at  that  pole  into  a  large  giant  nucleus  with 
double  the  number  of  chromosomes,  while  the  two  nuclei  formed  at  the 
opposite  poles  were  of  normal  size  with  the  normal  number  of  chromosomes. 
This  appears  to  explain  the  origin  of  the  "true"  giant  cells,  those  with  one 
very  large  nucleus  and  a  large  amount  of  cytoplasm,  which  are  frequently 
encountered  in  cultures.  It  is  by  studying  these  departures  from  the  normal 
behavior  of  cells  that  their  potentialities  are  determined  and  such  experi- 
ments add  to  our  understanding  of  cell-physiology. 

THE  ORGANS  AND  MECHANISM  OF  REPRODUCTION 
Anatomy  of  Organs  of  Reproduction 

During  the  past  few  years  an  entirely  new  field  of  research  has  been  opened 
up  by  the  discoveries  of  the  intricately  interlocking  factors  of  the  cestrous 
cycle.  The  prime  event  in  this  mechanism  appears  to  be  the  development  of 
the  ovarian  follicle  and  the  release  of  the  mature  egg.  Following  ovulation, 
the  ruptured  follicle  builds  up  a  body  known  as  the  corpus  luteum.  With 
each  turn  of  the  cycle  a  new  follicle,  or,  as  in  the  pig,  crop  of  follicles,  matures 
and  a  new  crop  of  corpora  lutea  comes  into  existence,  the  old  one  having  in 
the  meantime  degenerated.  The  development  and  fate  of  these  corpora 
lutea  have  been  studied  by  Dr.  D.  Andersen,  particularly  with  reference  to 
their  vascular  supply,  amplifying  the  studies  of  Dr.  Corner.  The  blood  and 
lymph  vessels  of  the  ovary  were  injected  with  various  colored  masses  which, 
after  the  specimen  was  rendered  transparent,  clearly  revealed  the  vascular 
pattern,  and  this  was  done  for  all  stages  in  the  cestrous  cycle.  In  this  way 
Dr.  Andersen  discovered  that  for  each  new  corpus  luteum  a  new  blood- 
vascular  network  and  a  new  set  of  lymphatic  capillaries  make  their  way  into 
it  and  evidently  participate  in  its  function,  disappearing  again  as  the  corpus 
degenerates.  Where  pregnancy  intervenes  the  corpus  and  its  vascular  equip- 
ment persist  until  the  pregnancy  is  concluded.  Where  pregnancy  does  not 
occur  the  corpus  luteum  begins  to  regress  at  about  the  sixteenth  day  after 
ovulation.     The  lymphatics  are  among  the  first  structures  to  disappear. 
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The  capillaries  and  venules  go  next,  leaving  the  arterioles  though  they  are 
shrunken  and  distorted.  Finally  even  these  disappear  and  only  a  small  scar 
is  left.  The  corpus  luteum  affords  a  striking  example  of  the  capacity  of  the 
vascular  system  of  the  adult  to  undergo  growth  and  modification  in  response 
to  its  environment. 

The  development  of  the  rete  ovarii  and  rete  testis  in  the  human  embryo 
has  been  studied  by  Professor  K.  M.  Wilson,  who  for  this  purpose  has  made  a 
survey  of  serial  sections  of  about  195  human  embryos  in  the  Carnegie  Em- 
bryological  Collection.  The  rete  consists  of  a  network  of  epithelial  tubules 
that  serves  to  deliver  the  products  of  the  sex  glands  into  the  ducts  of  the 
wolffian  body.  It  is  only  a  transitory  structure  in  the  female,  but  in  the  male 
it  is  permanent  and  is  a  definite  part  of  the  secretory  apparatus  for  the  testis. 
Dr.  Wilson's  material  was  adequate  for  the  study  of  every  stage  in  the  organ- 
ogenesis of  this  apparatus  and  he  was  able  to  settle  a  number  of  disputed 
points.  With  the  development  of  the  sex  gland  and  its  rete  he  followed  the 
synchronous  involution  of  the  mesonephros.  This  study  forms  an  important 
contribution  to  our  knowledge  of  the  ovary  and  testis. 

From  the  experience  gained  in  his  study  of  the  developing  ovary  and  testis, 
Dr.  Wilson  has  been  able  to  correlate  the  gross  appearance  of  the  external 
genitalia  with  microscopic  structure  of  the  sex  glands.  The  striking  differ- 
ence in  the  early  characteristics  of  the  sex  cords  in  the  two  sexes  provides  us 
with  our  earliest  and  most  certain  criterion  as  to  sex.  When  Professor 
Spaulding  made  his  study  of  the  external  genitalia  in  this  laboratory  a  few 
years  ago  he  was  not  always  able  to  confirm  his  determinations  by  a  micro- 
scopical study  of  the  sex  glands,  as  many  of  the  specimens  used  by  him  had 
not  been  sectioned  at  the  time  his  study  was  made.  This  deficiency  has  now 
been  made  up  by  Dr.  Wilson.  His  investigation  shows  that  the  morphology 
of  the  external  genitalia  constitutes  a  sure  guide  only  in  embryos  of  more  than 
50  mm.  crown-rump  length.  Smaller  than  that  one  has  to  reckon  with  the 
fact  that  the  male  characteristics  may  be  late  in  expressing  themselves,  in 
which  respect  there  is  considerable  variation  among  otherwise  normal  em- 
bryos. If  the  diagnosis  of  male  is  made  it  is  probably  correct,  but  if  a  speci- 
men is  classified  as  female  there  is  a  greater  chance  for  error.  Some  of  such 
cases  may  prove  to  be  males  in  which  the  external  criteria  have  not  yet  been 
acquired.  The  retardation  of  the  differentiation  of  the  external  genitalia  in 
male  embryos  appears  to  be  a  frequent  phenomenon. 

The  occurrence  of  an  animal  in  our  monkey  colony  having  an  accessory 
nipple  has  been  put  on  record  by  Dr.  C.  G.  Hartman,  who  has  made  a  study 
of  the  anomaly  and  has  reviewed  the  biological  significance  of  both  polythelia 
and  polymastia,  which  he  shows  are  hereditary  in  character  and  probably  are 
correlated  with  fecundity.  The  evidence  indicates  that  the  primates  were 
originally  polymastic  and  have  become  bimastic  by  reduction  in  the  number 
of  functional  mamma?.  The  occasional  reversion  in  the  adult  indicate  that 
primates  have  not  yet  become  fully  homozygous  for  the  bimastic  condition. 

In  my  last  report  I  referred  to  the  observations  of  Dr.  F.  C.  Lee  on  the 
periodic  variations  in  patency  of  the  uterine  end  of  the  oviduct  and  that  an 
injection  mass  would  pass  more  readily  from  the  uterus  into  the  tube  at  about 
the  time  of  ovulation.  Since  then  Dr.  Lee  has  studied  the  detailed  anatomy 
of  this  region  and  finds  that  in  all  of  the  common  laboratory  animals  the 
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opening  of  the  tube  is  guarded  by  special  valve-like  folds  of  the  mucus  mem- 
brane, and  in  some  animals,  notably  the  rabbit,  there  is  an  increase  in  thick- 
ness of  the  muscular  coats  at  the  tubo-uterine  junction. 

Oogenesis  and  Ovarian  Studies 

In  coming  to  this  laboratory  from  the  University  of  Texas,  Dr.  C.  G.  Hart- 
man  brought  with  him  a  rich  experience  and  familiarity  with  the  ovary  of  the 
opossum  which,  with  further  study  of  his  material,  is  yielding  fundamental 
observations  that  are  important  to  us  in  our  studies  of  the  primate  conditions. 
Dr.  Hartman  discovered  the  interesting  fact  that  in  the  opossum  there  is  a 
periodic  outburst  of  oogenetic  activity.  It  is  limited  to  a  circumscribed  nest 
of  embryonic  epithelium  located  on  each  side  of  the  hilum  and  from  this 
epithelium  ova  are  periodically  fed  into  the  ovary.  The  ova  are  not  produced 
singly  but  in  strands  that  are  like  true  Pfliiger's  tubes,  as  in  the  embryo. 
These  oogenetic  centers  are  sometimes  invisible  from  the  surface  and  are  only 
found  by  microscopic  examination  of  sections.  At  other  times,  however,  they 
form  a  more  or  less  prominent  eminence.  It  is  significant  that  most  of  the 
anomalous  structures  occurring  in  the  ovary,  such  as  multiple  and  anovular 
follicles  and  polynuclear  and  moribund  ova,  are  located  in  the  hilum  region. 
One  must  also  take  into  consideration  this  area  of  embryonic  cells  in  ovarian 
regeneration,  in  continued  menstruation  following  double  ovariectomy  and 
in  the  occurrence  of  accessory  ovaries. 

Atypical  follicles  with  more  than  one  ovum  and  ova  with  more  than  one 
nucleus  have  been  found  in  many  kinds  of  mammals  but  they  are  quite 
unusual.  Dr.  Hartman,  however,  finds  that  in  the  opossum  polynuclear  ova 
are  the  rule  rather  than  the  exception,  hundreds  of  them  occurring  in  some 
ovaries.  Also  polyovular  follicles  are  found  in  large  numbers  and  of  almost 
every  variety  yet  reported  for  other  mammals.  Multiple  eggs  and  follicles 
occur  most  often  in  the  young  female  and  are  practically  of  constant  occur- 
rence up  to  the  first  breeding  season;  but  they  are  also  present  in  many  old 
females.  The  large  amount  of  opossum  material  that  has  been  at  Dr.  Hart- 
man's  disposal  showing  these  anomalous  types  of  ova  in  various  stages  has 
given  him  a  favorable  opportunity  to  study  their  genesis,  fate  and  significance. 
As  for  the  origin  of  polynuclear  ova,  the  whole  evidence  points  to  their  being 
the  result  of  fusion  of  separate  ova.  Groups  can  be  found  in  every  stage  of 
fusion.  In  some  cases  the  limiting  membranes  are  still  clear  and  distinct;  in 
others  only  some  of  them  are  visible;  and  finally,  there  are  the  groups  where 
the  fusion  is  complete  and  the  ova  has  become  true  syncytial  masses.  Such 
polynuclear  masses  vary  in  size  directly  in  proportion  to  the  number  of  ova 
that  have  fused,  as  one  should  expect.  Dr.  Hartman  finds  that  the  prevalent 
explanation  of  the  origin  of  polyovular  follicles,  imperfectly  separated  portions 
of  Pfliiger's  egg  tubes,  is  substantiated  in  the  opossum  ovaries.  They  are  an 
accident  of  development.  The  proportion  of  germ  cells,  as  compared  with 
granulosa  and  connective  tissue,  is  unduly  large  and  the  strand,  lacking  a  full 
complement  of  granulosa  cells,  is  not  completely  cut  up  into  independent  fol- 
licles. On  studying  the  fate  of  the  polyovular  follicle  and  the  polynuclear 
ovum  it  became  clear  that  they  degenerate  and  become  obliterated  They 
appear  to  be  less  viable  than  normal  eggs.  As  a  byproduct  of  this  study,  the 
opossum  egg  furnishes  convincing  evidence  as  to  the  origin  of  the  zona  pel- 
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lucida.  The  eggs  always  have  a  zona  pellucida  on  all  surfaces,  whether  in 
contact  with  the  granulosa,  in  mutual  contact,  or  jutting  naked  into  the 
follicular  cavity,  making  it  evident  that  the  zona  is  produced  at  its  periphery 
by  the  cytoplasm  of  the  egg  rather  than  by  any  environmental  agency.  In 
the  conclusion  of  his  study  Dr.  Hartman  takes  into  consideration  the  bear- 
ing of  polyovular  follicles  and  polynuclear  ova  on  fecundity  and  finds  that 
they  can  not  be  a  direct  cause  of  increased  fecundity,  although  they  may  be 
correlated  with  it  as  an  expression  of  the  same  growth  stimuli.  Certainly 
fecundity  is  an  outstanding  characteristic  of  the  opossum,  without  which  the 
family  could  not  have  survived  the  competition  of  Eutherian  mammals. 

Atresia  of  ovarian  follicles  has  been  studied  in  the  opossum  by  Miss  B. 
League  in  cooperation  with  Dr.  Hartman.  It  is  a  constant  phenomenon  at 
all  times  and  appears  to  be  equally  intense  in  the  various  stages  of  the  cycle 
and  during  pregnancy  and  ancestrum.  It  is  characterized  by  lipolytic  fol- 
lowed by  chromatolytic  degeneration,  without  any  of  the  hyalin  degeneration 
common  in  the  human  ovary.  When  ripe  follicles  fail  to  ovulate  they  under- 
go intense  lipolysis,  but  there  is  sufficient  internal  secretion  to  stimulate  the 
mammary  glands  and  genitalia  to  a  pseudopregnant  growth.  Large  and 
many  small  follicles  are  usually  resorbed  without  leaving  a  trace.  Where  the 
follicular  cavity  has  formed,  the  granulosa  may  disappear  completely,  but  the 
theca  interna  survives  and,  maintaining  its  vascularization,  its  cells  enlarge 
slightly  and  the  interstitial  tissue  is  produced  as  described  for  other  forms. 
From  her  study  of  the  transitional  stages  and  from  the  absence  of  degenerative 
changes  Miss  League  concludes  that  the  cells  revert  to  ovarian  stroma.  She 
found  no  correlation  between  the  amount  of  interstitial  tissue  and  the  sexual 
activity  of  the  animal;  the  amount,  however,  increases  roughly  with  the  age 
of  the  animal  and  advance  of  the  breeding  season. 

Two  cases  in  which  pathological  ovaries  in  the  opossum  were  associated 
with  death  of  the  fetuses  have  been  studied  and  described  by  Dr.  Hartman. 
They  are  of  particular  interest  in  being  a  spontaneous  occurrence  in  nature  of 
a  condition  that  has  been  produced  experimentally  in  the  laboratory,  thus 
establishing  the  validity  of  the  experiment.  In  one  of  these  cases,  in  addition 
to  hemorrhagic  and  hypotypical  follicles  and  corpora  lutea,  there  was  in  one 
of  the  ovaries  a  perfectly  preserved  mass  of  adrenal  cortical  tissue. 

At  this  place  reference  may  be  made  to  the  study  of  Dr.  Hartman  and  W.  K. 
Cuyler  on  the  viability  of  spermatozoa,  a  brief  account  of  which  has  recently 
been  completed.  An  extended  viability  had  been  attributed  to  the  sperm  in 
the  bat,  based  on  the  belief  that  in  this  animal  copulation  occurs  in  the  fall 
and  that  fertilization  does  not  take  place  until  the  following  spring,  the  sperm 
being  harbored  in  the  meantime  in  a  viable  condition  in  the  uterus  of  the 
female.  These  investigators  find,  however,  that  in  one  species  of  bat  (Nycti- 
nomus  mexicanus)  there  is  no  sperm  in  the  genital  tract  either  of  the  male  or 
female  except  during  the  limited  breeding  season  during  March.  In  another 
species  (Myotis)  the  female  harbors  live  sperm  throughout  the  winter,  but  the 
male  also  has  living  spermatozoa  in  the  epididymis  throughout  the  winter  and 
there  is  nothing  to  prevent  repeated  copulation.  Thus  our  only  proof  of 
longevity  of  the  sperm  cells  is  apparently  faulty  and  it  will  be  safer  for  the 
present  to  consider  the  viable  condition  of  the  sperm  as  well  as  that  of  the 
ovum  to  be  of  brief  duration. 
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Menstruation 

Because  of  its  obvious  characteristics  menstruation  has  always  attracted 
clinical  attention,  and  it  has  been  our  chief  dating  point  for  the  duration  of 
pregnancy,  but  not  until  recently,  when  it  was  shown  that  it  is  not  the  same  as 
oestrus  and  that  it  is  not  synchronous  with  ovulation,  was  an  adequate  ground- 
work laid  for  an  understanding  of  its  true  nature.  This  was  partially  revealed 
by  the  discovery  of  the  cyclic  changes  that  occur  in  the  uterine  mucosa  and  it 
has  gradually  become  better  understood  through  the  determination  of  its  cor- 
relation with  other  phenomena  of  the  cestrous  cycle.  However,  there  is  still 
much  to  be  learned  concerning  menstruation.  A  distinct  contribution  has 
been  made  by  Dr.  J.  L.  King,  who  succeeded  in  collecting  accurate  menstrual 
data  on  a  small  selected  group  of  healthy  women  (17  subjects),  including  the 
incidence,  duration  and  character  of  the  flow  and  also  a  daily  specimen  of  the 
vaginal  secretions,  which  were  all  stained  and  studied  microscopically.  From 
Dr.  King's  observations  it  is  evident  our  present  statistical  data  is  based  on 
crude  and  inaccurate  records.  She  shows  that  there  are  unsuspected  and 
frequent  variations  in  the  length  of  the  cycles  in  mature,  normal  women  other 
than  those  occasioned  by  season,  occupation,  sickness,  change  of  diet,  etc. 
Furthermore,  there  is  a  considerable  individual  variation  in  the  type  of 
vaginal  secretions.  In  some  individuals  the  leucocytes  are  sparse  and  fre- 
quently absent;  others  have  large  numbers  of  leucocytes  which  are  almost 
always  present;  others  show  great  daily  variation  in  these  respects.  Dr. 
King  found  that,  in  general,  the  vaginal  secretion  is  more  scanty  during  the 
first  few  days  following  menstruation  and  the  cells  show  less  degeneration 
during  the  first  part  of  the  cycle  than  in  the  late  intermenstrual  and  pre- 
menstrual phases.  The  leucocytes  are  mostly  of  the  polymorphous  type  with 
occasional  mononuclears.  In  a  few  of  the  subjects  it  was  observed,  on  about 
the  thirteenth  day  after  one  onset  and  sixteen  days  before  the  next,  that  the 
number  of  leucocytes  decreased  in  the  secretions  and  there  was  a  relatively 
high  content  of  epithelial  cells.  But  such  cases  of  cellular  periodicity  were 
exceptional  and  would  not  justify  the  conclusion  that  changes  in  the  human 
vaginal  secretion  are  going  to  serve  as  an  index  of  what  is  transpiring  in  the 
ovary  and  uterus. 

That  menstruation  may  occur  in  Macacus  rhesus  without  ovulation  has 
been  shown  by  Dr.  C.  G.  Hartman,  in  an  animal  having  a  follicular  ovarian 
cyst.  This  monkey  had  menstruated  fairly  regularly  for  four  successive  periods, 
when  the  sex  color  began  to  deepen  and  the  sex  skin  become  swollen  and 
edematous.  From  previous  experience  this  complex  was  interpreted  by  him 
as  due  to  the  presence  of  a  cystic  ovarian  follicle  and  an  operation  revealed  the 
correctness  of  the  diagnosis.  A  portion  of  the  7-mm.  follicle  was  removed, 
which  was  followed  by  disappearance  of  the  redness  and  edema  of  the  sex 
skin  and  resumption  a  week  later  of  the  menstrual  flow.  The  opportunity  to 
inspect  the  ovaries  in  this  case  made  it  possible  to  rule  out  the  presence  of  a 
corpus  luteum,  lacking  which  the  monkey  had  nevertheless  menstruated. 

Hormones  Associated  with  Reproductive  Cycle 

Dr.  Hartman  discovered  that  the  mammary  gland  in  the  opossum  is  very 
responsive  to  the  internal  secretions  associated  with  pregnancy.  As  compared 
with  the  mammary  gland  of  other  mammals,  it  is  precocious  and  enlarges  very 
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early  in  the  event  of  pregnancy,  and  thus  by  palpating  it  one  can  accurately 
gage  the  degree  of  hormonal  stimulation.  This  provided  us  with  a  new  tech- 
nique for  testing  hormonal  substances.  In  collaboration  with  Dr.  Edgar 
Allen  and  C.  Dupre,  Dr.  Hartman  has  utilized  it  for  testing  the  effect  upon  the 
opossum  of  extract  of  mature  human  placentae  and  of  follicular  extract  ob- 
tained from  the  sow.  When  human  placental  extract  is  injected  into  castrated 
mature  female  opossums  whose  mammary  glands  had  atrophied  beyond  detec- 
tion, in  practically  all  of  the  experiments  the  castration  atrophy  was  corrected, 
in  many  of  them  an  activity  of  the  entire  genital  tract  comparable  to  normal 
oestrus  was  attained,  and  in  a  few  a  pseudopregnant  state  occurred  with  greatly 
hypertrophied  mammse,  swollen  uterus  with  convoluted  glands  and  cornified 
vagina  with  pronounced  leucocytosis.  The  administration  of  follicular  extract 
produced  results  similar  to  the  less-marked  responses  to  placental  extract. 
We  may  expect  with  all  the  present  activity  in  this  direction  that  some  expla- 
nation will  be  arrived  at,  during  the  next  few  years,  as  to  the  mechanism  by 
which  these  remarkable  results  from  the  injection  of  tissue  extracts  and  their 
mysterious  hormones  are  obtained. 

Miss  C.  Evers  and  Dr.  Hartman  have  studied  the  possible  sources  of  the 
stimuli  that  so  effectively  produce  growth  in  the  mammary  glands  in  the 
opossum.  They  found  that  if  on  ovulation  the  eggs  are  not  fertilized,  the 
mammary  glands  develop  just  as  in  pregnancy,  that  is,  the  embryo  and  fetus 
are  not  necessary.  In  the  next  place  hysterectomy  does  not  prevent  their 
growth;  which  means  the  uterus  and  placenta  are  not  necessary  factors.  Going 
further  they  found  that  growth  of  the  glands  begins  before  the  completion  of 
the  ovulation.  Moreover,  when  ovulation  fails  to  occur  and  the  follicles 
undergo  degenerative  recession,  such  follicles  are  capable  of  continuing  the 
growth  of  the  mammary  glands  into  the  cestrous  stage.  Even  medium-sized 
and  not  quite  mature  atretic  follicles  are  capable  of  continuing  appreciable 
growth  changes.  Finally  they  discovered  the  strange  fact  that  there  is  such  a 
thing  as  growth  momentum,  which,  once  started,  continues  for  a  time  after 
the  removal  of  what  appears  to  be  its  initiating  cause.  If  ovariectomy  is 
performed  within  one  or  two  days  after  ovulation  it  usually  fails  to  prevent 
the  growth  changes  in  the  mammary  gland.  The  growth  of  the  latter  con- 
tinues under  the  momentum  attained  up  to  the  time  of  the  operation. 

Rhythmic  Contractions  op  the  Human  Oviduct 

In  the  Year  Book  for  the  year  1924  I  referred  to  the  investigations  of  Dr. 
F.  F.  Snyder  and  Dr.  L.  D.  Seckinger  concerning  the  spontaneous  rhythmic 
contractions  of  the  human  oviduct  which  show  cyclic  variations  in  character 
similar  to  those  previously  discovered  in  the  pig  and  the  monkey.  Since  then 
their  study  has  been  completed  and  published  in  final  form.  An  important 
feature  of  their  study  is  their  correlation  of  the  periodic  changes  in  the  rate 
and  amplitude  of  the  contractions  with  the  histological  changes  occurring  in 
the  endometrium  and  tubal  mucosa.  In  this  way  the  activity  of  the  muscular 
wall  can  be  dated  in  terms  of  the  histological  stage  of  the  cycle.  On  this  basis 
they  have  demonstrated  that  during  the  mid-  and  late-interval  stage  the 
contractions  are  rapid  and  variable  in  amplitude,  and  during  the  premen- 
strual and  menstrual  phases  they  are  slow  and  of  uniform  amplitude.  In  the 
human  as  in  other  mammals  there  is  increased  activity  of  the  tubal  wall 
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during  the  mid-  and  late-interval  stage  at  a  time  when  the  ovum  is  pre- 
sumably passing  through  the  tube.  Whether  or  not  it  is  the  effective  agent  in 
the  transport  of  the  ovum  is  still  an  unanswered  question.  These  investi- 
gators found  that  the  cilia  lining  the  tube  do  not  change  in  number  or  activity 
at  any  phase  of  the  reproductive  cycle,  which  would  tend  to  rule  them  out  as  a 
special  agent  of  transport  for  the  ovum,  although  for  a  long  time  that  has  been 
the  prevailing  view. 

PLACENTATION 

In  a  previous  report  reference  was  made  to  a  study  of  Dr.  G.  B.  Wislocki  on 
the  placentation  of  the  three-toed  sloth,  a  peculiar  arboreal  edentate  of  con- 
siderable phylogenetic  interest.  Since  then  through  the  cooperation  of  Dr. 
Zetek  of  the  Barro  Colorado  Island  Laboratory,  Panama  Canal  Zone,  Dr. 
Wislocki  has  secured  much  more  material  in  the  way  of  pregnant  uteri  with 
the  placenta  and  fetus  still  intact.  This  has  formed  the  basis  for  a  series  of 
studies  in  which  his  first  observations  have  been  confirmed  and  largely  ampli- 
fied. Correlating  placentse  of  the  various  mammals  has  been  a  difficult  thing 
to  do  because  so  little  is  known  of  their  detailed  anatomy.  Since  reproduc- 
tion is  such  a  fundamental  function  one  may  well  expect  a  common  basis  in 
their  structure,  and  this  will  be  revealed  as  the  survey  of  the  different  forms 
becomes  more  complete.  Dr.  Wislocki  has  been  performing  an  important 
service  in  making  known  the  manner  of  placentation  of  this  old  form,  which 
he  has  studied  in  both  the  fresh  and  fixed  state,  and  in  various  stages  of  its 
formation.  The  placenta  differs  markedly  from  that  of  any  other  mammal. 
At  first  diffuse,  its  fundic  portion  grows  in  size,  while  the  remainder  becomes 
membranous  and  the  lobules  undergo  resorption.  Thus  a  localized  double  dis- 
coidal  placenta  is  produced  with  its  seat  in  the  fundus  of  the  uterus.  No  allan- 
toic sac  develops  and  the  yolk  sac  has  only  a  brief  existence.  The  amnion 
fuses  early  with  the  chorion.  Somewhat  resembling  an  amnion  but  of  quite  dif- 
ferent origin  is  the  epitrichial  membrane  which  completely  incloses  the  fetus 
until  birth.  This  investigator  has  extended  his  study  to  the  fetus  and  an 
account  of  it  is  in  preparation  for  the  Contributions  to  Embryology,  which 
will  be  referred  to  in  a  future  report. 

In  continuing  his  studies  of  the  monkey  Dr.  Wislocki  has  investigated  the 
placentation  of  one  of  the  New- World  monkeys,  Ateles,  whose  placenta  had 
hitherto  been  undescribed.  This  placenta  presents  an  interesting  labyrin- 
thine arrangement  of  the  primary  syncytium  into  which  the  fetal  mesoderm 
grows  in  a  trabecular  manner.  Dr.  Wislocki  regards  this  type  of  placenta 
as  a  transition  from  the  labyrinthine  form  characteristic  of  many  mammals  to 
the  villous  placenta  of  the  catarrhines  and  anthropoids.  His  suggestion  is 
that  the  placental  arrangements  of  catarrhines  and  platyrrhines  are  derived 
from  a  common  stem  characterized  by  a  labyrinthine  placenta,  the  existing 
platyrrhines  (New- World  monkeys)  being  less  removed  from  that  stem,  and 
representing  a  more  primitive  form.  This  harmonizes  with  the  fact  that  the 
whole  reproductive  cycle  appears  to  be  more  primitive  in  the  New- World  than 
the  Old- World  monkeys.  The  use  of  the  term  villus  and  intervillus  space  in 
the  platyrrhine  placenta  is  held  to  be  incorrect  by  Dr.  Wislocki,  who  sub- 
stitutes the  terms  trabecula  and  intertrabecular  space  in  their  places.  The 
initial  pattern  and  the  subsequent  growth  of  the  trophoblast  and  the  ingrowth 
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of  the  mesoderm  is  entirely  different  from  the  development  of  the  villous 
placenta  characteristic  of  the  anthropoids.  However,  between  the  anthropoid 
villous  placenta  and  the  trabeculated  labyrinthine  placenta  of  the  New-World 
monkeys,  some  of  the  Old- World  monkeys  present  a  transition.  Two  of 
these,  Cercocebus  and  Colobus,  have  been  studied  by  Dr.  Wislocki  and  he  finds 
that  they  have  a  labyrinthine  placenta  that  is  partly  villous  and  in  part  com- 
posed of  anastomosing  strands  of  syncytium.  This  then  provides  us  with  a 
more  satisfactory  basis  for  the  understanding  of  the  complicated  architecture 
of  the  different  placental  types  and  also  a  more  adequate  basis  for  the  study  of 
the  functional  mechanisms  concerned  in  the  nourishment  of  the  fetus. 

NERVOUS  SYSTEM 

The  study  of  the  early  physiology  of  the  central  nervous  system  in  its  more 
primitive  characteristics  has  been  carried  on  during  the  past  year.  In  the 
last  Year  Book  a  description  was  given  of  the  observations  made  on  pouch- 
young  opossums  and  on  kittens  by  Dr.  Weed  and  Dr.  Langworthy,  who 
stimulated  the  cerebral  cortex  with  a  unipolar  electrode  and  mapped  out  the 
various  areas  of  excitability  at  different  ages.  Since  then  all  of  this  material 
has  been  sectioned  and  studied  histologically  by  Dr.  Langworthy,  and 
this  has  made  it  possible  for  him  to  correlate  the  structural  and  functional 
states  of  definite  areas.  A  preliminary  account  of  this  study  has  been 
completed. 

Development  of  the  Cortical  Areas  in  Young  Kittens 

Dr.  0.  R.  Langworthy  found  that  the  motor  areas  of  the  cerebral  cortex  of 
adult  cats  correspond  histologically  to  the  areas  as  delimited  by  their  response 
to  electrical  stimulation.  Further  than  that,  the  motor  areas  presiding  over 
different  portions  of  the  body  musculature  could  be  distinguished  histologi- 
cally by  differences  in  the  development  of  the  various  cortical  layers  and  the 
distribution,  size  and  internal  structure  of  the  large  pyramidal  motor  cells. 
A  paper  giving  in  detail  these  histological  characteristics  will  appear  in  volume 
XIX  of  the  Contributions  to  Embryology.  The  progressive  histological 
maturation  of  the  cortical  motor  areas  was  followed  in  the  brains  of  young 
and  new-born  kittens.  From  the  developmental  standpoint,  Dr.  Langworthy 
found  that  the  area  originating  fore-leg  movements  was  more  mature  at  birth 
than  either  the  center  for  the  hind-leg  or  the  facial  musculature.  As  for  the 
pyramidal  tracts,  they  show  no  myelinization  in  kittens  until  nine  or  ten  days 
after  birth. 

Development  of  the  Cortical  Areas  in  the  Opossum 

Dr.  Langworthy  supplemented  his  studies  of  the  motor  cortex  of  young 
kittens  by  similar  studies  upon  adult  and  pouch-young  opossums.  After 
having  determined  the  electrically  responsive  cortical  areas  he  studied  the 
material  histologically.  There  were  two  principal  areas :  the  area  for  the  fore- 
leg musculature  and  the  area  for  the  facial-masticatory  musculature.  The 
former  can  be  demonstrated  in  pouch-young  23  days  old,  but  the  latter  gives 
no  response  until  the  young  are  at  least  76  days  old.  The  histological 
picture  conforms  to  the  functional  reactions,  and  one  finds  that  the  center  for 
the  fore-leg  differentiates  first.  It  is  located  in  the  region  of  the  orbital  sulcus 
near  the  median  line,  extending  both  posteriorly  and  anteriorly  to  the  sulcus. 
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In  its  further  maturation  it  spreads  anteriorly  and  laterally  into  the  region 
controlling  the  facial  muscles.  Apparently  in  the  opossum  the  centers  for 
the  fore-leg  and  face  become  intermingled  and  they  are  so  blended  in  adult 
animals  that  it  is  difficult  to  distinguish  fore-leg  from  facial  cortex  by  any 
characteristic  of  cellular  structure.  The  orbital  sulcus  first  makes  its  appear- 
ance in  the  fore-leg  area,  but  the  rapid  cellular  maturation  in  the  facial- 
masticatory  center  contributes  largely  to  its  ultimate  size.  Dr.  Langworthy's 
developmental  study  of  these  structures  has  been  put  in  final  form  and  is  now 
in  press. 

Studies  Concerning  the  Reflexes  of  Posture  and  Progression 

With  the  view  toward  providing  a  better  basis  for  an  understanding  of  the 
nature  of  postural  reflexes  and  their  relation  to  tonus  and  decerebrate  rigidity, 
Dr.  W.  T.  King  has  made  a  series  of  functional  studies  of  the  frontal  region  of 
the  adult  cat.  As  this  area  is  relatively  small  and  the  structural  transitions 
are  gradual,  it  was  obviously  desirable  to  make  carefully  controlled  and 
repeated  observations  on  an  extensive  series  of  cats,  which  he  did.  His 
experiments  were  in  part  acute  and  in  part  chronic.  They  involved  in  the 
first  place  electrical  exploration  of  the  cortex  for  delimiting  and  plotting  the 
excitatory  areas.  These  were  then  controlled  by  ablation  of  the  same  areas 
causing  an  arrest  in  their  function.  Certain  silent  areas  were  also  localized, 
injury  or  removal  of  which  affected  the  locomotor  and  postural  mechanisms. 
With  these  techniques  Dr.  King  identified  the  motor  cortex  of  the  cat  in  the 
neighborhood  of  the  cruciate  sulcus,  that  uniformly  responded  to  the  electrode 
and  when  removed  there  resulted  a  temporary  weakness  in  the  extremities, 
usually  disappearing  after  48  hours.  In  front  of  this  area  and  along  the 
median  line  is  an  area  designated  by  him  as  the  "frontal  lobe."  This  area  did 
not  respond  to  electrical  stimuli,  and  removal  of  it  did  not  lead  to  motor  weak- 
ness. However,  after  such  removal  very  definite  postural  and  tonic  abnor- 
malities could  be  observed  in  the  extremities  of  the  opposite  side.  Also 
incoordination  was  marked  and  persistent,  which  is  not  the  case  when  the 
motor  area  is  involved.  For  the  first  few  days  after  the  removal  of  the  frontal 
area,  the  extremities  tend  to  go  into  extreme  extension  upon  any  attempt  to 
walk.  Later  the  walking  improves  but  the  cats  never  recover  the  power  to 
execute  intricate  movements,  such  as  jumping  upon  or  off  a  shelf,  and  they 
do  not  attempt  to  extricate  themselves  from  abnormal  positions.  In  various 
ways  the  animals  exhibit  a  tendency  to  extensor  rigidity  in  the  hind-leg  of  the 
opposite  side  with  stiffness  and  resistance  to  passive  flexion.  It  requires  a 
stronger  stimulus  of  the  foot-pad  than  normal  to  produce  flexion  of  the  leg, 
and  stimulus  of  the  foot-pad  of  the  same  side  produces  increased  extension  of 
the  opposite  leg.  These  abnormalities  were  more  marked  when  both  frontal 
lobes  were  removed.  Such  cats  when  placed  upon  their  backs  remain  in  that 
position  indefinitely,  in  a  characteristic  way  with  their  hind-legs  extended  and 
fore-legs  semi-flexed,  pronated  and  adducted,  with  little  attempt  toward 
postural  adjustment.  These  important  observations  of  Dr.  King  upon  the 
frontal  lobe  centers  of  the  cat  form  convincing  evidence  of  a  cortical  postural 
influence,  which  had  been  strongly  suggested  by  Dr.  Weed's  observation  that 
decerebrate  rigidity  could  be  abolished  by  stimulation  of  the  cut  end  of  the 
cortico-cerebellar  tract  in  his  decerebrate  animals. 
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The  problem  of  posture  and  progression  has  been  extended  by  Dr.  0.  R. 
Langworthy  from  mammals  to  birds,  with  the  expectation  that  in  this  simpler 
form  new  light  might  be  obtained  in  this  complicated  reflex  mechanism. 
Using  pigeons  he  observed  the  effects  of  the  following  procedures:  electrical 
stimulation  of  the  cortex;  unilateral  ablation  of  the  corpus  striatum  or  the 
entire  hemisphere;  ablation  of  both  cerebral  hemispheres;  cerebral  transection 
below  the  thalamus;  transection  below  the  mid-brain;  and  transection  of  the 
spinal  cord  in  the  thoracic  region.  Although  the  physiology  and  the  anatomy 
of  the  bird  brain  is  not  so  well  understood  as  the  mammalian,  Dr.  Lang- 
worthy's  observations  lead  to  certain  general  conclusions.  As  in  the  mammal, 
progression  in  the  pigeon  is  a  function  of  the  spinal  cord  and  one  can  obtain 
alternate  rhythmic  walking  movements  of  the  legs  with  the  lumbar  cord 
experimentally  isolated  from  all  impulses  from  above.  However,  in  that 
condition  the  pigeon  can  not  stand  on  its  legs;  its  maintenance  of  posture  is 
dependent  on  the  brain.  All  of  the  experiments  point  to  a  wide  participation 
of  the  brain  in  the  control  of  walking  movements  and,  as  in  mammals,  there 
appears  to  be  a  special  morphological  pathway  for  its  accomplishment.  After 
removal  of  one  or  both  cerebral  hemispheres,  though  still  able  to  walk,  the 
pigeon  shows  disturbances  in  posture  with  abnormal  extension  of  the  legs  and 
this  appears  to  be  due  mainly  to  the  loss  of  the  corpus  striatum,  as  the  bird's 
cortex  is  poorly  developed  and  does  not  possess  a  motor  center.  Greater  dis- 
turbances occur  where  the  extirpation  includes  the  midbrain.  It  is  then 
unable  to  stand  voluntarily,  exhibiting  marked  hyperextension  of  the  legs, 
which  is  brought  out  by  stimulating  the  claws,  somewhat  like  the  experiments 
with  the  alligator  which  will  be  referred  to  directly.  This  extension  shown 
by  the  pigeon  appears  to  be  analogous  to  the  accentuation  of  the  postural 
reflex  seen  in  mammals  after  decerebration.  A  striking  result  of  the  removal 
of  the  hemispheres  was  the  ruffling  of  the  feathers.  Curiously,  they  became 
flattened  and  sleek  when  the  bird  was  alert  and  would  ruffle  again  when  he 
became  quiet.  Where  the  transection  passed  through  the  thoracic  cord,  the 
ruffling  of  the  feathers  occurred  only  caudal  to  the  lesion. 

By  transecting  the  midbrain  of  the  alligator  Dr.  C.  Bagley  jr.  and  Dr.  0.  R. 
Langworthy  were  able  to  demonstrate  an  extensor  phenomenon  that  has  a 
bearing  on  maintenance  of  posture  and  resembles  the  condition  seen  in  the 
cat,  in  which  all  structures  cephalad  to  the  hindbrain  have  been  removed. 
In  a  number  of  alligators  they  severed  the  midbrain  at  its  junction  with  the 
hindbrain,  thus  freeing  the  rhombencephalon  from  all  cephalad  impulses. 
Immediately  after  the  operation  the  animal  usually  attempted  to  walk,  but 
as  it  did  so  an  interesting,  strong  extensor  mechanism  came  into  play,  soon 
inhibiting  any  further  progression.  With  each  step  the  legs  became  more 
extended  until  the  animal  came  to  rest  high  on  all  four  legs  with  the  head 
rigidly  retracted,  in  which  position  he  would  remain  immobile.  Any  further 
attempt  to  walk  resulted  in  failure  of  a  fore-leg  and  the  falling  over  of  the 
animal  with  legs  extended.  In  this  extensor  state,  passive  movement  of  the 
head  produced  changes  in  posture  such  as  are  seen  in  the  decerebrated  cat. 
The  tail,  however,  was  unaffected  and  passive  movements  could  be  made  of 
the  extended  limbs  without  resistance.  The  animals  seemed  to  remain  in 
this  state  without  any  change  in  their  reflex  activity;  one  of  the  animals  lived 
for  ten  days  after  the  operation.     Apparently  in  the  alligator,  where  t'13 


22  CARNEGIE    INSTITUTION    OF   AVASHINGTON 

principal  motor  mechanisms  are  exercised  from  lower  levels,  cutting  off  the 
restraining  influences  of  the  higher  centers,  and  particularly  the  important 
midbrain  centers,  results  in  a  disturbance  of  balance  in  favor  of  the  extensor 
elements. 

Along  with  the  above  experiments  these  investigators  determined  the  elec- 
trically excitable  regions  of  the  forebrain,  which  are  of  particular  interest,  as 
in  the  alligator  we  see  the  motor  area  in  its  early  development — before  the 
corticospinal  tract  has  yet  appeared.  They  found  in  the  cortex  a  well- 
defined  area  which,  when  stimulated  electrically,  gave  gross  reactions  or  mass 
movements  of  a  rather  definite  reflex  pattern,  but  not  movements  of  single 
extremities.  Stimulation  of  the  mesial  wall  of  the  cerebral  hemispheres, 
which  is  continuous  with  this  area,  gave  similar  movements,  and  even  with  a 
weaker  current.  No  results  could  be  obtained  from  stimulating  any  part  of 
the  corpus  striatum.  Another  excitable  area  was  located  in  the  roof  of  the 
midbrain,  the  tectum  opticum,  which  was  even  more  responsive  to  electrical 
stimulation  than  the  one  in  the  forebrain,  only  about  half  as  much  current 
being  necessary.  As  in  the  forebrain,  movements  of  single  extremities  could 
not  be  elicited,  but  a  gross  movement  could  be  produced,  consisting  of  a 
lateral  deviation  of  the  tip  of  the  tail  to  the  same  side,  slight  flexion  of  the 
fore-leg  on  the  same  side,  and  flexion  of  the  opposite  hind-leg. 

Innervation  of  Facial  Musculature 

During  the  past  ten  years  Dr.  E.  Huber  has  been  engaged  in  a  series  of  com- 
parative and  embryological  morphological  studies  of  the  facial  musculature 
which  constitutes,  as  he  has  been  able  to  show,  a  phylogenetically  uniform 
muscle  group,  innervated  through  branches  of  the  facial  nerve.  Some  observ- 
ers have  held  the  view  that  in  some  mammals  an  additional  motor  innervation 
to  this  group  is  supplied  by  branches  of  the  cervical  nerves,  and  some  believe 
it  obtains  some  supply  from  the  trigeminal  nerve.  On  purely  morphological 
grounds  it  is  in  some  cases  impossible  to  determine  the  course  of  fibers  through 
the  complicated  plexuses  existing  in  the  overlapping  territories  of  these  nerves. 
For  this  reason  Dr.  Huber,  in  conjunction  with  Dr.  W.  Hughson,  undertook  a 
series  of  experiments  involving  electrical  stimulation  and  sectioning  of  various 
nerve-trunks  in  dogs,  cats  and  opossums.  In  that  way  they  were  able  to 
demonstrate  that  the  whole  superficial  facial  musculature  is  innervated 
exclusively  through  branches  of  the  facial  nerve.  The  interlacing  that 
occurs  between  the  branches  of  the  facial  nerve  and  those  of  the  trigeminal 
nerve  and  the  cervical  plexus  are  therefore  of  a  physical  and  not  a  functional 
nature.  Occasionally  in  man  paralyses  occur  in  the  facial  musculature 
following  operations  upon  the  gasserian  ganglion.  These  must  be  explained 
on  other  grounds  than  motor  innervation  from  the  trigeminal  and  are  doubt- 
less to  be  attributed  to  unintended  injuries  done  to  the  facial  nerve.  In  their 
experiments  Dr.  Huber  and  Dr.  Hughson  were  able  to  show  that  the  man- 
dibulo-auricular  muscle  is  innervated  exclusively  through  a  branch  of  the 
posterior  auricular  branch  of  the  facial.  Thus  this  much  disputed  muscle 
belongs  to  the  posterior  auricular  facial  muscle  group  and  as  such  is  a  deriva- 
tive of  the  platysma. 
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Innervation  of  the  M.  Procerus  Nasi 

The  value  of  supplementing  morphological  investigations  concerning  mus- 
cular derivations  with  functional  tests  in  the  living  is  illustrated  by  Dr.  E. 
Huber's  demonstration  of  the  innervation  of  Procerus  nasi,  a  small  muscle  at 
the  upper  end  of  the  nose.  By  electrical  stimulation  of  one  of  the  infraorbital 
branches  of  the  facial  nerve  he  was  able  to  produce  contraction  of  this  muscle 
and  in  that  way  prove  that  it  belongs  to  the  infraorbital  muscle  complex. 
Careful  dissections  of  it  in  fetuses,  children  and  adults  alwaj^s  show  an  in- 
timate blending  of  this  muscle  with  the  frontalis  muscle  and  one  might  well 
be  misled  and  consider  it  a  derivative  of  the  supraorbital  group,  were  it  not 
for  Dr.  Huber's  demonstration  of  its  innervation,  proving  its  relation  to  the 
frontalis  muscle  to  have  been  secondarily  acquired. 

New  Cell-Group  in  the  Hypoglossal  Nucleus 

In  the  Year  Book  for  1924  mention  was  made  of  Dr.  Langworthy's  studies 
on  the  innervation  of  the  tongue,  in  which  he  showed  that  the  hypoglossal 
nerve  carries  proprioceptive  fibers  from  the  neuromuscular  spindles  of  that 
organ.  During  the  past  year  further  studies  of  the  hypoglossal  nerve  by 
F.  F.  Schwentker  have  shown  that  a  characteristic  group  of  small  cells  lies 
within  its  central  nucleus,  and  this  may  prove  to  be  the  source  of  the  auto- 
nomic fibers  shown  by  Langworthy  to  be  present  in  this  nerve.  Mr.  Schwent- 
ker 's  newly  discovered  cell-group  consists  of  a  discrete  ellipsoidal-shaped 
cluster  of  very  small  cells  that  is  surrounded  by  a  dense  layer  of  fibers  which 
radiate  ventrally  to  mingle  with  the  hypoglossal  fibers.  In  transverse  section 
the  cluster  usually  lies  bilaterally  within  the  hypoglossal  nucleus  but  may  lie 
in  contact  with  its  median  border  and  is  found  at  the  junction  of  its  caudal 
and  middle  thirds.  It  is  evidently  constant  in  its  occurrence  in  human  brains, 
having  been  found  in  all  of  the  seven  brain  stems  examined,  three  of  which 
were  adult,  three  new-born  and  one  from  a  fetus  of  the  thirty-third  week. 
Unfortunately  it  is  not  present  in  the  ordinary  laboratory  animals  (cat  and 
rabbit)  and  this  precludes  any  experimental  study  of  it. 

Muscle  and  Nerve 

In  the  light  of  recent  discoveries  it  has  become  apparent  that  some  of  our 
conceptions  of  the  relation  of  nerve  and  striated  muscle  will  have  to  be 
revised.  The  status  of  this  fundamental  problem  was  reviewed  by  Professor 
L.  FI.  Weed  in  his  address  delivered  at  the  opening  of  the  new  School  of 
Medicine  and  Dentistry  of  the  University  of  Rochester.  In  his  paper,  in 
addition  to  describing  the  great  discoveries  that  have  been  made  in  this  field 
up  to  the  present  time,  Dr.  Weed  calls  attention  to  a  number  of  problems  that 
offer  promising  returns  to  the  investigator,  and  particularly  as  cooperative 
studies  between  the  anatomist  and  physiologist.  One  of  the  outstanding 
riddles  that  confronts  us  is  the  relation  of  the  sympathetic  system  to  striated 
muscle.  A  sympathetic  element  is  certainly  present,  but  just  how  it  partici- 
pates in  the  innervation  and  what  its  relation  is  to  the  spindles  and  other 
nerve  terminations  remains  to  be  found  out.  Equally  obscure  is  the  problem 
of  muscle  tonus  which  some  observers  have  unsuccessfully  attempted  to 
explain  through  the  sympathetic  system.  Also  there  is  the  problem  of  the 
sensory  mechanisms  of  visceral  and  skeletal  musculature  and  the  sensory 
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pathways  of  the  so-called  purely  motor  cranial  nerves.  These  problems  form 
a  program  that  Dr.  Weed  and  his  associates  have  in  part  already  entered 
upon. 

In  the  studies  of  Dr.  Marion  Hines  in  vital  methylene-blue  preparations  of 
the  frog  it  has  been  shown  that  non-medullated  nerve-fibers  in  some  instances 
terminate  in  typical  motor  end-plates  of  medullated  nerves,  and  such  non- 
medullated  fibers  were  shown  by  degeneration  experiments  to  be  sympathetic. 
Dr.  Hines  also  found  in  these  preparations  anatomical  evidence  of  a  sensory 
mechanism.  In  the  somatic  muscles  she  finds  cylinders  made  up  of  slender 
striated  muscle-fibers  grouped  together  with  their  nuclei  clustered  in  the 
center,  the  innervation  resembling  that  of  a  true  spindle,  though  lacking  a 
capsule.  Experimental  extirpation  of  these  structures  indicates  that  they 
have  a  sensory  function.  Dr.  Hines  has  published  a  comprehensive  review 
of  the  general  subject  of  nerve  and  muscle,  for  which  her  own  investigations 
particularly  well  qualify  her. 

Three  of  the  nerves  coming  from  the  base  of  the  brain  supply  the  external 
muscles  of  the  eye,  and  are  spoken  of  respectively  as  the  third,  fourth  and 
sixth  pair  of  cranial  nerves.  Until  recent  times  they  have  been  regarded  as 
purely  motor.  Though  they  are  indeed  purely  muscular,  certain  anatomical 
and  physiological  evidences  have  shown  that  they  contain  a  muscular-sense 
mechanism.  Dr.  A.  J.  McLean,  working  with  Doctors  Sabin,  Hughson  and 
Langworthy,  undertook  a  histological  and  experimental  study  of  these  nerves 
in  the  dog,  which  has  clarified  some  of  the  conflicting  data  involved  in  this 
problem.  There  are  a  few  ganglion  cells  found  along  the  peripheral  course  of 
the  nerves  but  these  are  not  present  in  sufficient  number  to  mediate  muscle- 
sense  and  therefore  the  cells  for  this  purpose  must  lie  within  the  central 
nervous  system.  He  finds  that  the  cells  in  the  nuclei  of  origin  of  these  three 
nerves  can  be  separated  into  two  distinct  sizes,  and  roughly  correlated  with 
them  are  two  sizes  of  fibers  in  the  peripheral  trunks.  In  general  there  is  an 
excess  of  cells  in  the  central  nuclei  of  the  eye-muscle  nerves  over  the  number 
of  fibers  in  the  central  ends  of  the  respective  peripheral  trunks,  an  excess 
amounting  to  30  to  40  per  cent  for  the  third  and  fourth  nerves,  and  10  per 
cent  for  the  sixth  nerve.  Compensating  for  this  there  is  a  considerable  split- 
ting of  nerve-fibers  as  proven  by  the  number  of  fibers  counted  in  the  more 
peripheral  cross-sections  of  the  nerves.  Dr.  McLean  suggests  that  it  is  the 
smaller  cells,  which  he  finds  in  the  central  nuclei,  that  provide  muscle-sense 
for  the  extrinsic  eye  muscles.  This,  however,  must  remain  for  the  present  as 
a  matter  of  conjecture. 

ANTHROPOLOGICAL  AND  ANATOMICAL  STUDIES 
Developmental  Variations  in  Man 

The  true  nature  of  variation,  its  underlying  causes  and  its  bearing  on  the 
problem  of  evolutionary  modification  is  still  a  matter  of  hypothesis  and  we 
must  await  further  studies  and  more  complete  data  before  an  adequate 
interpretation  can  be  expected.  An  effective  mass  of  evidence  relative  to 
these  matters  has  been  assembled  by  Dr.  A.  H.  Schultz,  showing  the  extent  of 
variation  in  fetal  and  adult  man.  Together  with  a  comparison  with  similar 
conditions  in  other  primates,  the  data  collected  by  Dr.  Schultz  on  body  pro- 
portions and  the  size  and  shape  of  the  head  in  man  and  monkeys  indicate  that 
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every  part  of  the  body  of  every  individual  varies  at  every  stage  of  growth. 
These  variations  originate  spontaneously  at  the  beginning  of  development  and 
may  or  may  not  be  inherited.  Apparently  the  conditions  outside  of  the  organ- 
ism may  impose  themselves  upon  these  normal  congenital  variations,  but 
usually  in  a  minor  role.  Special  consideration  was  given  the  lengthening  of 
the  lower  limb,  reduction  of  the  vertebra?,  variations  in  the  sternum,  variabil- 
ity of  the  last  molar  tooth,  outer  ear,  and  the  reduction  of  the  thumb,  the 
great  toe  and  other  digits  as  occurs  in  many  primates.  From  these  various 
standpoints  the  general  principle  stands  out  that  the  most  extensive  changes 
have  taken  place,  or  are  underway,  in  those  bodily  parts  that  are  most  vari- 
able, whereas  the  structures  that  deviate  but  little  in  various  individuals  have 
deviated  to  no  great  extent  from  their  ancestral  condition.  There  is  in  general 
a  correlation  between  the  processes  of  variability  and  evolution.  Wherever 
a  body  structure  is  found  to  be  markedly  variable  one  finds  that  it  has  been 
modified  through  evolution.  Moreover,  it  is  still  undergoing  change  in  the 
species;  it  has  not  yet  definitely  settled  down  nor  reached  a  uniform  develop- 
ment in  all  individuals.  Dr.  Schultz  views  variability  as  a  primarily  inde- 
pendent and  fundamental  quality  of  life  which  is  correlated  with  and  in  some 
ways  responsible  for  evolution. 

Variability  in  Plattrrhine  Monkeys 

There  has  been  a  current  belief  that  variability  in  modern  man  and  in 
domesticated  animals  is  greater  than  among  animals  in  the  wild  state,  for 
which  the  artificial  as  contrasted  to  the  natural  environment  is  responsible. 
Dr.  A.  H.  Schultz  has  been  able  to  test  this  assumption  by  studying  two  series 
of  monkeys  and  comparing  their  variability  with  that  of  man.  His  material 
consisted  of  151  howler  (Alouatta  palliata)  and  59  spider  (Ateles  geoffroyi) 
monkeys  which  he  obtained  in  their  natural  environment  in  the  swampy 
jungle  of  eastern  Nicaragua,  far  removed  from  any  of  the  artificial  factors 
of  civilization  and  ideally  homogeneous  and  stable  as  to  ancestry,  climate  and 
living  conditions. 

His  study  included  the  determination  of  the  proportions  in  size  between 
various  parts  of  the  body,  and  the  dimensions  and  proportions  of  the  skull. 
In  particular,  he  observed  the  variations  in  shape  of  the  cranial  sutures,  the 
nasal  bones,  the  hard  palate  and  also  variations  in  the  facial  profiles  and  forma- 
tion of  the  forehead  as  seen  in  prepared  skulls.  He  found  that  both  the 
general  variability  of  the  skull  and  the  variability  of  the  proportions  of  the 
body  are  as  great  in  these  animals  living  under  strictly  uniform  and  natural 
conditions  as  they  are  in  modern  civilized  man.  He  also  found  that  asym- 
metries occur  in  the  two  halves  of  the  same  body,  manifesting  independent 
variability  in  the  two  halves,  and  that  they  are  present  in  very  young  fetuses, 
showing  that  they  are  not  due  to  unequal  use  on  the  two  sides.  In  addition 
to  these  normal  asymmetries  there  are  those  due  to  some  pathological  cause, 
such  as  premature  obliteration  of  sutures.  It  is  of  interest  to  note  that  there 
appears  to  be  a  difference  in  variability  in  the  two  sexes.  The  averages  of  the 
relative  ranges  of  variation,  as  well  as  those  of  the  variation  coefficients,  are 
larger  for  the  males  than  for  the  females,  both  in  the  howler  and  in  the  spider 
monkey.  Judging  from  the  results  of  other  investigators  this  is  generally 
true  for  the  primates,  including  man.     From  the  studies  of  Dr.  Schultz  one 
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can  better  realize  how  unstable  the  various  species  of  wild  animals  can  be, 
and  it  is  clear  that  the  investigator  should  be  cautious  in  his  generalizations 
when  based  on  but  a  few  specimens. 

Fetal  Growth  in  Man  and  Other  Primates 

The  investigations  of  Dr.  A.  H.  Schultz  upon  fetal  growth  of  man  and  his 
comparative  study  of  fetal  growth  in  other  animals,  particularly  other 
primates,  are  steadily  leading  to  significant  conclusions,  in  proportion  to  the 
increase  of  available  material.  In  respect  to  the  problem  as  to  whether  the 
racial  or  species  differences  increase  or  decrease  with  advance  in  growth  and 
evolution,  he  has  recently  assembled  strong  evidence  in  support  of  the  former. 
Using  various  metrical  procedures  he  fails  to  find  any  instance  in  which  the 
ontogenetic  changes  converged,  either  in  different  human  races  or  in  different 
primates.  Apparently  all  human  racial  differences  and  all  differences  be- 
tween man  and  apes  or  monkeys  increase  during  some  periods  of  growth  and 
remain  the  same  during  other  periods,  but  they  never  become  less  with 
advancing  development.  In  this,  Dr.  Schultz  has  provided  us  with  strong 
support  for  the  theory  of  a  monophyletic  origin  of  the  human  races  and  of  a 
common  ancestry  for  all  primates.  The  fact  that  man,  ape  and  monkey 
more  closely  resemble  each  other  in  early  developmental  stages  than  they  do 
in  adult  life  can  be  understood  only  by  assuming  one  origin  for  all  from  which 
they  inherited  the  tendency  for  the  same  ontogenetic  processes,  which,  in 
turn,  could  only  have  become  modified  through  later  specializations.  Un- 
questionably there  are  many  parts  of  the  human  body  that  are  less  specialized 
than  the  corresponding  parts  of  certain  other  primates,  and  hence  have 
remained  phylogenetically,  as  well  as  ontogenetically,  more  original  and 
primitive.  In  the  same  way,  the  various  races  of  men  have  become  special- 
ized in  different  parts  of  their  bodies  in  widely  differing  degrees.  To  some 
extent  these  relative  degrees  of  evolutionary  modification  correspond  to  the 
relative  amount  of  the  ontogenetic  change  in  the  particular  structure. 

Development  op  the  Human  Foot 

During  the  past  two  years  Dr.  W.  L.  Straus  jr.  has  been  studying  the 
developmental  changes  that  occur  in  the  skeleton  of  the  human  foot  and  the 
adjoining  part  of  the  leg,  particularly  with  reference  to  their  phylogenetic 
significance.  The  material  used  for  his  study  includes  human  fetuses  from 
the  eighth  week  of  fetal  life  to  term  and  finally  the  adult.  In  addition  he 
has  studied  similar  material  from  several  anthropoid  monkeys  in  fetal,  newborn, 
juvenile  and  adult  stages.  In  larger  specimens  the  bones  were  dissected  free 
and  studied  in  the  wet  state.  In  the  younger  stages  the  bones  were  stained 
in  situ  and  studied  in  a  solution  rendering  the  tissues  transparent  or,  as  in  two 
cases,  they  were  reconstructed  from  serial  sections  after  the  Born-Lewis 
method.  This  material  was  subjected  to  various  carefully  planned  measure- 
ments, and  as  far  as  possible  those  in  common  use  by  the  anthropologist. 

His  study  of  the  ontogenetic  and  comparative  anatomical  proportions  of 
these  structures  leads  Dr.  Straus  to  the  conclusion  that  the  feet  of  man  and 
other  primates  are  much  more  alike  in  early  stages  of  development  than  they 
are  later  in  life,  and  that  their  adult  differences  are  produced  through  diverg- 
ent growth,  which  points  to  the  existence  of  a  basal  type  of  foot  from  which 
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the  various  primate  feet  developed  phylogenetically  as  well  as  ontogenetically. 
The  evidence  appears  to  be  that  in  the  foot  of  man  there  is  a  recapitulation  of 
the  ancestral  conditions,  in  the  sense  that  there  is  a  close  structural  resem- 
blance of  the  fetal  foot  and  leg  of  man  to  those  of  the  adult  anthropoid  monkeys, 
which  diminishes  as  man  loses  the  primitive  characteristics  in  the  attainment 
of  his  mature  condition.  The  summarized  results  of  Dr.  Straus'  investiga- 
tion have  already  appeared  and  the  detailed  report  is  now  in  preparation  for 
the  Contributions  to  Embryology. 

Facial  Musculature  of  the  Whale 

As  part  of  his  extensive  research  program  on  facial  muscles,  Dr.  E.  Huber 
during  the  past  year  has  studied  this  musculature  in  an  extremely  specialized 
form,  the  whale,  and  has  compared  it  with  other  marine  mammals,  the  Pin- 
napedia,  which,  being  less  extreme  in  their  anatomical  adaptations,  serve  as  an 
aid  in  homologizing  these  structures.  The  whale  possesses  a  platysma  and  a 
deep  sphincter  colli  which,  together  with  some  of  the  individual  facial  muscles, 
are  in  a  rudimentary  form.  That  these  muscles  are  present  indicates  the 
nature  of  the  facial  musculature  of  the  whale's  ancestors  before  their  adapta- 
tion to  marine  life.  Since  the  facial  muscles  are  a  late  phylogenetic  acquire- 
ment, specializing  relatively  recently  in  various  mammalian  orders,  they 
become  a  valuable  aid  in  comparative  anatomical  problems,  even  when 
present  in  only  rudimentary  form.  It  is  interesting  to  note  that  traces  of  the 
ear  musculature  can  be  recognized,  They  have  persisted,  though  the  whale 
long  ago  lost  the  power  of  hearing  air-borne  sounds. 

Anatomical  Studies  of  the  Abdominal  Viscera 

Dr.  B.  Halpert,  during  the  past  year,  has  made  further  contributions  to 
the  anatomy  of  the  human  gall  bladder.  In  tracing  the  distribution  of  the 
blood-vessels  in  its  wall,  he  followed  the  neurovascular  bundle,  formed  by 
the  cystic  artery,  cystic  vein,  lymphatics  and  nerves,  to  where  its  main 
branches  form  the  subserous  plexus.  Just  beneath  the  muscularis  there  is  a 
second  plexus  of  medium-sized  blood-vessels,  the  perimuscular  plexus,  and 
finally  there  is  a  third  plexus  consisting  of  a  very  rich  net  of  small  vessels  in 
the  mucosa,  the  subepithelial  plexus.  Detailed  studies  of  the  vascular  sys- 
tem in  such  an  organ  may  be  expected  to  throw  some  light  on  its  function,  for 
we  have  learned  that  the  vascular  pattern  is  very  sensitive  to  functional 
requirements.  Dr.  Halpert  may  in  this  way  be  able  to  strengthen  his 
position  in  reference  to  the  gall  bladder  as  an  absorptive  apparatus. 

In  another  study  Dr.  Halpert  has  described  the  anatomical  findings  in  a 
case  of  arteriomesenteric  occlusion  of  the  duodenum  caused  by  a  fold  of 
mesentery  belonging  to  displaced  loops  of  the  small  intestine.  In  this 
instance  a  developmental  abnormality  of  the  peritoneum,  a  lack  of  fusion  of 
the  ventral  and  dorsal  layers  of  the  great  omentum,  resulted  in  a  low  trans- 
verse colon,  and  this  in  turn  caused  the  loops  of  the  small  intestine  to  be  shifted 
down  into  the  pelvis,  their  mesentery  forming  an  obstructing  fold  across  the 
inferior  horizontal  part  of  the  duodenum,  a  clinical  condition  that  sometimes 
requires  surgical  intervention.  In  connection  with  this  investigation  Dr. 
Halpert  has  made  a  careful  study  of  the  variations  in  the  topographical  rela- 
tions of  the  peritoneum  in  the  duodenal  region. 
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Allied  to  the  preceding  investigation  is  the  Roentgen-anatomical  study  of 
the  colon  by  Dr.  Halpert  in  cooperation  with  Dr.  H.  L.  Sampson  of  the 
Trudeau  Sanatorium.  They  obtained  data  regarding  the  skeletal  position 
of  the  caecum,  length  and  shape  of  the  ascending  colon,  shape  and  skeletal 
position  of  the  hepatic  flexure,  transverse  colon,  splenic  flexure,  descending 
colon  and  sigmoid,  and  also  the  skeletal  position  of  the  greater  curvature  of 
the  stomach.  Their  studies  were  made  on  150  individuals  of  whom  75  were 
males  and  75  females.  As  a  sexual  difference  they  found  that  the  transverse 
colon  is  located  above  the  level  of  the  promotorium  in  45  per  cent  of  the  males 
and  in  only  12  per  cent  of  the  females;  also,  as  an  average  the  greater  curva- 
ture of  the  stomach  reaches  one  vertebra  lower  in  females  than  in  males. 
The  relative  position  of  the  transverse  colon  to  the  stomach  enabled  them  to 
judge  of  the  extent  of  fusion  of  the  layers  of  the  omentum.  Perfect  fusion 
occurs  in  less  than  half  the  cases;  non-fusion  with  absence  of  the  gastrocolic 
ligament  occurs  in  about  33  per  cent;  and  the  remainder  are  distributed  as 
imperfect  and  irregular  fusions. 
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GENERAL  STATEMENT 

It  is  only  a  little  over  a  quarter  of  a  century  since  the  obvious  importance 
of  Mendelism  led,  for  the  first  time  in  the  history  of  science,  to  a  concentrated 
attack  on  problems  of  heredity  and  variation.  As  Mendel  suspected,  and  as 
modern  biologists  at  once  demonstrated,  his  laws  were  a  consequence  of  in- 
heritance through  the  germ-cells,  which  we  now  recognize  have  the  reduced 
number  of  chromosomes.  The  studies  of  the  first  half  of  this  period  led  to 
the  recognition  of  the  wide  applicability  of  Mendel's  laws,  but  revealed  un- 
conformable cases.  The  studies  of  the  second  half  of  this  period  brought 
many  of  the  unconformable  cases  under  the  general  laws  of  linkage  and  cross- 
ing over  on  the  one  hand,  and  chromosomal  aberrations  on  the  other. 

The  spiral  movement  of  science  brings  biology  again  face  to  face  with  the 
problem  of  the  mechanics  of  development  with  which  we  were  concerned  35 
years  ago,  but  we  view  it  now  from  the  new  standpoint  of  our  knowledge  that 
the  chromosomes  in  some  way  direct  development  from  the  inside.  How  they 
do  it,  we  do  not  yet  know.  But,  obviously,  this  control  is  a  biochemical 
process  of  a  refined  and  complicated  sort.  The  next  step  in  the  study  of 
development,  as  a  physiological  process,  is  a  study  of  the  biochemical  changes 
involved.  This  field  we  can  hope  to  enter,  even  while  we  continue  to  explore 
the  field  of  the  relation  of  somatic  differentiation  to  chromosomes. 

Two  developmental  phenomena  seem  especially  attractive  for  analysis, 
because  of  their  excellent  definition.  One  is  sex;  the  other,  growth;  and  to 
these  phenomena  we  have  paid  especial  attention.  It  has  seemed  possible  to 
control  and  alter  them  and  thus  get  an  insight  into  the  mechanisms  involved 
in  their  production.  As  for  sex,  the  work  of  the  year  has  confirmed  our  earlier 
conclusions  that  extracts  of  female  plants,  at  least,  have  a  stronger  reducing 
capacity  on  the  average  than  the  extracts  of  male  plants;  and  further  study 
may  reveal  the  substances  that  are  chiefly  responsible  for  this  difference, 
whether  aromatic  compounds,  like  tannins,  reducing  sugars  or  other.  Simul- 
taneously it  appears  that  the  value  of  the  Manoilov  reaction  as  a  test  of  sex 
depends  on  the  fact  that  it  is  a  test  of  metabolic  level,  and  this  differs  on  the 
average  and  in  the  long  run  in  the  two  sexes.  It  has  been  concluded  that  the 
sex  ratio  in  mammals  can  be  altered  by  the  presence  of  alcohol  in  the  parental 
blood,  but  during  the  year  this  conclusion  has  been  overthrown  by  the  critical 
work  of  MacDowell.  Clearly  the  sex-differential  in  the  protoplasm  is  chiefly 
located  in  the  chromosomes.  A  difference  in  the  proportion  of  the  two 
sexes  during  early  development,  due  to  conditions  external  to  the  fetus,  has 
not  yet  been  shown.  Meanwhile  Metz  has  continued  his  studies  that  reveal  a 
remarkable  mechanism  in  the  egg  of  a  fly  (Sciara)  by  which,  apparently,  it 
controls  the  sex  of  the  offspring  that  shall  arise  from  the  fertilized  egg,  by  its 
control  over  the  chromosomes  which  direct  the  development  of  sex  characters. 

The  attempt  to  learn  the  chromosomal  mechanism  that  calls  forth  males  in 
Daphnids  under  the  influence  of  protoplasm-depressing  agents  in  the  medium 
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in  which  the  mother  is  living  has  not  been  wholly  successful;  probably  on 
account  of  the  great  difficulties  offered  by  the  behavior  and  small  size  of  the 
chromosomes. 

Growth  is  a  process  that  involves  the  ingestion  of  materials  for  metabolism. 
But  the  use  that  shall  be  made  of  available  materials  is  determined  by  the 
developing  organism.  The  curve  of  intrauterine  growth  (in  the  mouse)  has 
been  worked  out  by  MacDowell,  with  the  cooperation  of  Allen,  and  he  shows 
that  mouse,  guinea-pig  and  chick  follow  a  similar  course  or  law  of  growth 
during  early  stages,  after  the  embryo  proper  has  begun  to  undergo  differen- 
tiation. On  the  other  hand,  Davenport  (with  the  collaboration  of  Professor 
W.  W.  Swingle)  finds  that  (in  the  mouse)  the  growth  process  may  be  interfered 
with  (retarded)  by  cauterizing  the  thyroid-parathyroid  apparatus  of  the 
mother.  Other  experiments  have  been  undertaken  to  change  the  velocity  of 
growth  at  different  stages. 

Mutation,  as  the  very  heart  of  the  problem  of  evolution,  continues  to  be 
one  of  the  leading  subjects  of  our  research.  Datura  is  yielding,  slowly,  new 
gene  mutations  in  the  different  chromosomes;  and  the  presence  of  the  genes 
helps  interpret  the  numerous  irregularities  of  the  chromosomes  as  a  whole. 
The  irregularities,  in  turn,  of  these  chromosomes  lead,  in  some  cases  but  not  in 
others,  to  defective  pollen.    This  fact  opens  up  a  broad  field  for  research. 

The  new  mutations,  both  in  Datura  and  Drosophila,  are  showing  the 
phenomena  of  reverse  mutation,  or  mutation  to  the  wild  type.  And  such 
mutations  occur  frequently  in  the  development  of  the  soma.  Certain  types 
of  mutations  continue  to  show  their  close  correlation  with  visible  chromosomal 
conditions;  and  the  effects  of  such  visible  changes  on  mutation  and  heredity 
are  being  worked  out  by  Belling  in  many  species.  He  concludes  that  homol- 
ogous chromosomes  do  not  generally  twist  around  an  imaginary  axis  running 
between  them,  but  that  there  may  be  link-like  unions  or  temporary  fusions  at 
nodes.  These  observations  help  to  explain  crossing  over  and  irregularities 
of  composition  of  large  sections  of  chromosomes.  The  different  types  of 
chromosomal  changes  and  unions  lead  to  different  types  of  inheritance. 

Applications  of  genetical  findings  are  being  made  at  the  Eugenics  Record 
Office.  The  investigation  of  inheritance  of  racing  ability  in  thoroughbreds  has 
developed  into  a  research  of  considerable  magnitude.  A  comparative  study 
is  being  made  of  the  physical  and  mental  capacities  of  negroes,  whites  and 
cross-breeds  in  the  Island  of  Jamaica,  British  West  Indies.  An  intensive 
study  is  being  carried  out  on  the  families  whence  successful  college  athletes 
have  sprung.  The  inheritance  of  goiter  is  being  investigated.  The  conditions 
under  which  these  researches  at  the  Eugenics  Record  Office  are  being  under- 
taken is  one  of  especial  interest  and  significance.  All  four  of  those  referred  to 
in  this  paragraph  are  made  possible  by  gifts  from  outside  sources — two  are 
supported  by  private  individuals  who  have  been  desirous  of  promoting 
special  researches;  two  are  supported  by  organizations — the  Carnegie  Foun- 
dation for  the  Advancement  of  Teaching  and  the  Public  Athletic  League  of 
Baltimore.  In  these  researches  the  Institution  provides  overhead  and  directs 
the  research.  The  funds  granted  are  used  exclusively  in  gathering,  analyzing 
and  summarizing  the  data.  These  researches  offer  examples  of  a  cooperation 
that  is  especially  productive  in  relation  to  the  amount  expended.  It  may  be 
anticipated  that  more  such  opportunities  for  cooperation  will  arise  in  the  future. 
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STAFF 

The  director  has  been  continuing  his  work  on  modification  of  the  growth 
curve  of  mice  by  special  operations,  with  particular  relation  to  the  bearing  of 
this  problem  on  abnormal  human  development.  He  has  been  surpervising 
the  work  on  negro-white  crosses  in  Jamaica  and  investigations  on  heredity 
of  goiter  and  of  athletic  capacity.  Dr.  A.  F.  Blakeslee,  assistant  director  of 
the  Station  for  Experimental  Evolution,  has  continued  his  work  on  mutations 
in  Datura  and  their  relation  to  chromosomal  irregularities.  His  work  has 
continued  with  Miss  Satina  on  bio-chemical  differences  in  the  sexes  of  mucors. 
Dr.  H.  H.  Laughlin,  assistant  director  of  the  Eugenics  Record  Office,  has  com- 
pleted his  studies  on  deportation  in  the  United  States  and  on  economic- 
population  conditions  over  the  world.  He  has  continued  the  research  on 
heredity  of  racing  capacity  on  thoroughbred  horses,  a  research  supported  by 
W.  J.  Salmon.  Dr.  John  Belling  has  continued  his  fundamental  researches 
on  chromosomal  behavior.  Dr.  A.  M.  Banta,  in  collaboration  with  Dr. 
Ezra  Allen  and  with  the  assistance  of  Miss  Thelma  Wood  and,  during  the 
summer,  the  cooperation  of  Dr.  L.  A.  Brown,  has  continued  his  studies  on 
sexual  reproduction  in  Cladocera.  He  gave  a  course  of  lectures  at  the  Uni- 
versity of  Minnesota  during  two  and  a  half  months.  Dr.  M.  Demerec  has 
continued  his  work  on  mutations  in  Drosophila  and  Delphinium  with  special 
reference  to  mutable  genes.  He  has  nearly  completed  his  studies  on  albinism 
in  maize,  carried  on  in  cooperation  with  Dr.  R.  A.  Emerson.  Dr.  C.  W.  Metz, 
assisted  by  Miss  Mildred  S.  Moses,  has  made  progress  in  the  explanation  of 
the  peculiar  sex  ratios  in  the  offspring  of  Sciara. 

In  the  physiology  of  development,  Dr.  E.  C.  MacDowell  and  Dr.  Ezra  Allen 
have  made  marked  progress  in  the  study  of  intrauterine  deaths  in  mice  and 
they  have  completed  a  study  of  the  prenatal  growth  curve  in  mice.  Dr. 
Oscar  Riddle  is  continuing  his  work  on  chemical  and  metabolic  distinctions  of 
sex,  using  especially  pigeons  and  doves.  He  is  continuing  his  efforts  to  estab- 
lish races  characterized  by  large  and  small  endocrine  size  and  is  collaborating 
with  Professor  F.  G.  Benedict,  with  the  technical  assistance  of  Miss  Edith 
Banta,  in  a  study  of  racial  metabolism  of  pigeons  of  known  genetic  constitu- 
tion. He  visited  Europe  during  October  and  November,  as  delegate  to  the 
First  International  Congress  for  Sex  Research  in  Berlin,  during  one  of  the  days 
of  which  he  presided  at  a  general  session. 

On  the  human  side,  the  studies  of  Dr.  Howard  J.  Banker  have  been  con- 
tinued on  teachers'  marks,  as  a  criterion  of  general  and  special  mental 
capacity.    This  study  is  introductory  to  a  study  of  inherited  mental  capacity 
in  school  children.    Dr.  Estabrook  is  bringing  to  a  close  his  study  of  the  popu- 
lation at  the  head  waters  of  the  Kentucky  River. 

The  experimental  breeding  pens  of  mice  have  continued  in  the  charge  of  Miss 
Elizabeth  Lord,  whose  technical  experience  has  made  it  possible  to  work  with 
genetically  known  and  improved  strains.  The  pigeon  houses  have  been  in 
charge  of  Dr.  Riddle  and  Miss  Florence  Flemion.  The  Eugenics  Record 
Office  archives  have  been  in  charge  of  Miss  Alice  Gould  since  the  retirement  of 
Miss  Grace  Allen  in  the  autumn.  The  computing  room  has  continued  in  im- 
mediate charge  of  Miss  Catherine  Carley,  who  has  put  through  statistical 
work  for  various  members  of  the  staff.    The  greenhouses  and  gardens  have 


32  CARNEGIE   INSTITUTION    OF   WASHINGTON 

been  in  charge  of  Amos  G.  Avery.    The  library  has  been  in  charge  of  Mrs. 
Laura  C.  Boulton. 

Dr.  Ezra  Allen,  on  leave  of  absence  from  his  college  for  the  year,  has  col- 
laborated in  the  study  of  the  chromosomal  conditions  found  in  male  and 
female  Cladocera  and  also  in  the  embryological  work  with  mice.  Warren  H. 
Reinhart  collaborated  during  the  summer  with  Dr.  Riddle  in  the  study  of  the 
Manoilov  reaction*  Dr.  John  T.  Buchholz,  at  that  time  of  the  University  of 
Arkansas,  collaborated  in  the  Datura  work. 

DETAILED  REPORT  ON  CURRENT  INVESTIGATIONS 
THE  GERM  PLASM 

Studies  on  the  chromosomes — the  mechanism  that  directs  development — 
have  been  continued  through  the  year,  opening  up  new  lodes  of  rich  material. 

Sciara 

This  genus  of  flies,  whose  unique  method  of  maturation  has  been  elucidated 
by  Metz,  has  been  further  studied.  It  has  been  found  that  still  additional 
species  of  the  genus  show  the  peculiarities  of  chromosome  behavior  previously 
reported  of  Sciara  coprophila  and  other  species. 

Last  year  Metz  reported  that  during  the  first  spermatocyte  division  the 
chromosomes  of  maternal  origin  separate  bodily  from  their  paternal  mates  and 
that  one  of  the  two  groups  is  regularly  cast  out  of  the  gamete.  Genetic  study 
of  one  mutant  character  (truncate)  was  shown  in  last  year's  report  to  verify 
this  for  one  chromosome  in  Sciara  coprophila.  Since  it  was  obviously  im- 
portant to  determine  whether  or  not  the  principle  applies  generally  here, 
especial  emphasis  has  been  put  on  further  breeding  work.  Several  mutant 
characters  have  been  found,  but  in  only  one  case  has  the  inheritance  been 
worked  out  fully  enough  for  a  comparison.  This  case  is  in  another  species, 
Sciara  simulans  Joh.,  and  shows  the  same  type  of  inheritance  as  that  in 
S.  coprophila. 

One  of  the  most  important  points  in  the  Sciara  work  is  that  the  sex  of  the 
offspring  is  determined  in  some  way  or  other.  Cytologically,  sex  is  deter- 
mined either  by  the  retention  of  a  special  pair  of  chromosomes  that  comes 
from  the  sperm  (resulting  in  a  male)  or  the  elimination  of  these  chromo- 
somes, resulting  in  a  female  zygote.  While  in  most  Diptera,  sperm  are  of  two 
types,  male-producing  and  female-producing,  in  Sciara  they  are  all  "male- 
determining,  "  for  the  female-determining  sperm  fail  to  develop.  One  might, 
accordingly,  expect  only  male  offspring  from  fertilized  eggs;  but,  as  a  matter  of 
fact,  female  offspring  are  produced  as  well  as  males. 

The  details  are  full  of  interest.  In  some  species  (e.  g.  Sciara  coprophila) 
particular  pairs  of  flies  uniformly  give  progeny  which  are  all  of  the  same  sex 
or  nearly  so.  When  individual  females  are  mated  to  one  male  after  the  other, 
the  progeny  are  all  of  the  same  sex,  regardless  of  the  number  of  males  used. 
When  one  and  the  same  male  is  mated  to  two  or  more  females  the  total  of  his 
offspring  may  include  large  numbers  of  each  sex;  while  one  of  the  females  often 
gives  only  daughters  and  the  other  only  sons.  The  conclusion  is  that  the 
females  are  immediately  responsible  for  the  sex  of  the  offspring.  It  accord- 
ingly appears  that  at  fertilization  the  eggs  of  male-producing  females  permit 
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the  sex-limited  chromosome  brought  in  by  the  sperms  to  remain  in  the  fer- 
tilized egg.  On  the  contrary,  the  eggs  of  the  female-producing  females 
presumably  exclude  the  two  large  sex-limited  chromosomes  that  are  brought 
in  by  the  sperm  or  extrude  those  sex-limited  chromosomes  later.  In  species 
that  have  the  ordinary  bisexual  progeny,  presumably  each  female  produces 
equal  numbers  of  the  two  types  of  eggs. 

We  do  not  yet  know  whether  sex  is  influenced  directly  by  the  sex-limited 
chromosome  or  is  primarily  dependent  on  other  chromosomes.  Part  of  the 
above-described  process  is  still  hypothetical,  as  not  all  of  its  details  have  been 
observed — especially  the  mechanism  by  which  the  two  sex-limited  chromo- 
somes are  excluded  from  some  eggs  and  not  from  others  remains  to  be  worked 
out.  Enough  has  been  learned,  however,  to  make  it  clear  that,  while  in  other 
flies  the  sex  is  determined  by  a  difference  in  the  chromosomes  of  the  two  kinds 
of  sperm,  in  Sciara  (the  sperms  being  alike)  the  determination  of  sex  is  a 
function  of  the  female  gametes.  Cytological  evidence  indicates,  however, 
that  the  male  is  "potentially  heterozygous  for  sex"  and  capable  of  producing 
two  kinds  of  sperm,  but  that  the  female-determining  kind  of  sperm  is  elimi- 
nated in  the  course  of  the  ripening  of  the  sperm  by  means  of  a  selective  and 
unequal  reduction  division.  Dr.  Metz  concludes,  therefore,  that  there  can  be 
little  doubt  that  in  the  ancestors  of  Sciara  the  males  produced  the  two  kinds 
of  sperms  and  were  responsible  for  "sex  determination,"  as  in  most  other 
known  groups  of  flies.  But  in  this  genus,  just  on  account  of  the  loss  of  one 
of  the  two  kinds  of  sperm,  the  function  of  sex  determination  has  been  forced 
upon,  or  assumed  by,  the  egg.  In  many  of  the  species  of  insects,  as  well  as 
vertebrates,  the  female  gamete  alone  determines  sex.  It  seems  possible, 
therefore,  that  in  this  study  of  Sciara  we  may  learn  something  of  the  evolu- 
tionary process  by  which  the  change  from  sperm  determination  to  egg  deter- 
mination of  sex  has  been  brought  about.  The  Committee  for  Research  on 
Problems  of  Sex  of  the  National  Research  Council  is  collaborating  with  us  in 
the  study  of  fertilization  and  ovogenesis  to  throw  further  light  upon  this  prob- 
lem of  sex  determination. 

Mutable  Genes 

During  the  past  year  Demerec  has  continued  his  observations  on  the  topic 
which  he  has  made  his  own  and  which  opens  the  door  to  new  interpretations 
as  to  the  nature  of  the  gene.  These  studies  have  been  made,  as  hitherto, 
both  upon  the  fly  Drosophila  and  the  flowering  plant  Delphinium. 

MAGENTA  EYE  COLOR  IN  DROSOPHILA  VIRILIS 

During  the  year  under  review  a  new  mutating  gene  has  been  found  in 
D.  virilis.  It  is  a  sex-linked,  recessive  eye-color  character  and  is  called 
magenta- a.  The  most  important  results  obtained  in  the  experiments  with 
this  gene  may  be  summarized  as  follows:  (1)  magenta- a  is  an  allelomorph  of 
magenta,  which  latter  character  was  already  known  at  the  time  magenta- a 
was  found.  (2)  Magenta-a  mutates  frequently  to  the  wild-type  of  eye 
color.  That  the  observed  results  were  due  to  a  change  in  the  gene  rather  than 
to  chromosomal  or  other  non-gene  abnormality  was  indicated  by  the  genetical 
behavior  of  the  character,  both  in  crosses  between  magenta-a  and  magenta; 
in  crosses  in  which  different  regions  for  the  sex  chromosome  were  investi- 
gated and  found  to  be  present  by  the  genes  located  in  these  regions  and, 
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finally,  by  the  behavior  of  magenta- a  when  homozygous.  (3)  Wild-type 
flies,  obtained  as  a  result  of  the  change  of  the  magenta- a  gene,  bred  as  con- 
stant wild  type,  indicating  that  the  gene  is  mutable  in  one  direction.  (4) 
Magenta- a  behaves  like  the  miniature- a  wing  character  described  in  last 
year's  report  and  further  described  below.  Thus,  it  mutates  in  all  stages  of 
development.  Mutations  were,  indeed,  observed  at  the  formation  of  the 
germ-cells  in  both  heterozygous  and  homozygous  females;  in  the  germ-cells 
of  males  and  in  the  somatic  cells  of  both  females  and  males.  (5)  In  the  classes 
of  the  progeny  which  originated  as  a  result  of  reversion  of  magenta- a  the 
amount  of  crossing-over,  as  compared  with  normal  crossing-over,  was  in- 
creased in  the  magenta-forked  region  and  decreased  in  the  miniature-magenta 
region. 

MINIATURE  WING  CHARACTER  IN  DROSOPHILA  VIRILIS 

As  already  mentioned  in  last  year's  report  the  gene  for  the  wing  character 
known  as  miniature- a  mutates  frequently  to  its  wild-type  allelomorph,  and 
such  mutations  occur  in  somatic  cells  as  well  as  in  germ-cells.  Somatic  muta- 
tions produce  mosaic  individuals,  while  the  mutations  affecting  the  germ-cells 
give  rise  to  flies  of  the  wild  type. 

Demerec  finds  that  the  frequency  of  somatic,  as  well  as  germinal,  muta- 
bility can  readily  be  influenced  by  selection.  Thus  by  selection  it  was  pos- 
sible to  isolate  in  a  material  which  originated  from  a  single  miniature- a  gene 
the  following  lines: 

1.  An  almost  constant  line  which,  when  bred  for  14  generations,  produced  no 
wild-type  fly  out  of  8,130  individuals  observed.  This  line  gives  regularly, 
however,  about  3  per  cent  of  mosaic  flies  arising  from  somatic  mutations. 
Thus,  in  this  line,  miniature- a  behaves  as  constant  germinally  and  slightly 
mutable  somatically. 

2.  A  mosaic  line  which,  in  4  generations,  produced  2,480  individuals,  all  of 
them  mosaics.  In  this  line,  then,  miniature- a  behaves  as  constant  germinally 
and  very  mutable  somatically. 

3.  A  highly  mutable  line  which,  in  6  generations,  gave  a  total  of  2,487  wild- 
type,  2,211  mosaic  and  1,531  miniature  individuals.  Thus  miniature-a  of 
this  line  is  highly  mutable,  both  germinally  and  somatically. 

The  question  arose  what  was  the  cause  of  the  difference  between  the  fore- 
going lines  that  were  isolated  by  selection?  Did  the  selection  produce  the 
change  in  the  miniature-a  gene  or  was  something  else  affected  by  the  selec- 
tion? Results  of  intercrosses  between  different  lines  give  the  answer  to  these 
questions.  It  was  found  that  the  mosaic  line  differed  from  the  almost  con- 
stant line  in  having  a  dominant  autosomal  gene  that  stimulated  the  mutability 
of  the  miniature-a  gene  in  somatic  cells  but  did  not  affect  its  mutability  in 
germ-cells.  This  gene  was  located  in  the  second  chromosome.  Similarly,  it 
has  been  discovered  that  another  dominant  autosomal  gene  stimulates 
miniature-a  to  mutate  in  germ-cells  but  does  not  affect  its  somatic  mutability. 
The  results  of  these  experiments  indicate  that  the  gene  for  miniature-a  is 
in  a  labile  condition.  It  can  be  influenced  to  mutate  back  to  its  wild-type 
allelomorph  by  at  least  two  other  genes.  The  action  of  genes  that  stimulate 
the  mutability  of  miniature-a  was  found  to  be  limited  to  a  definite  period  of 
development,  and  this  period  was  different  for  different  genes. 
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ORIGIN  OF  MUTATIONS  AND  THEIR  MUTABILITY 

Magenta- a  was  the  fifth  new  mutant  found  since  the  studies  on  mutable 
genes  in  Drosophila  virilis  began.  Of  the  5,  3,  namely  reddish- a,  miniature- a, 
and  magenta- a,  were  found  to  be  mutable.  Since  the  studies  on  mutable 
reddish- a  indicated  that  a  mutable  gene  may  become  constant  and  also  that, 
without  selection,  the  frequency  of  mutability  decreases  rapidly,  it  appears 
probable  that  there  may  be  a  connection  between  the  origin  of  mutations  and 
mutability.  The  hypothesis  was  advanced  that  the  genes  are  mutable  at  the 
time  of  their  origin  but,  sooner  or  later,  become  constant.  To  detect  the 
mutability  of  the  new  mutants,  proper  tests  had  to  be  made  soon  after  their 
origin  and  thus  their  exceptional  mutability  at  that  time  was  discovered.  The 
foregoing  hypothesis  would  conform  with  the  conception  that  the  gene  is  not 
an  ultimate  genetic  unit  but  a  complex  structure. 

Subsequent  to  the  origin  of  magenta- a,  however,  4  new  mutants  have  been 
found — all  of  them  constant,  which  would  not  be  expected  according  to  the 
hypothesis.  The  studies  on  the  mutability  of  miniature- a  indicate,  however, 
that  the  mutability  may  be  highly  modified  by  different  factors  and  the 
presence  of  such  different  factors  is  a  possible  reason  why  the  potential 
mutability  of  some  of  the  mutants  was  not  detected. 

LAVENDER  FLOWER  COLOR  IN  DELPHINIUM 

During  the  past  year  the  main  problem  in  the  work  with  Delphinium  ajacis 
was  the  nature  of  the  mutability  of  the  gene  for  lavender  flower-color  which 
frequently  mutates  back  to  the  dominant  allelomorph.  In  plants  homozygous 
for  the  lavender  gene  the  flowers  have  a  lavender  color  and  are  covered  with 
more  or  less  numerous  blue  spots.  These  blue  spots  are  interpreted  as  due  to 
mutations  during  the  course  of  somatic  development  of  the  gene  for  lavender 
color  to  the  gene  for  blue  color.  It  was  shown  that  these  changes  may  affect 
the  germ-cells,  since  by  self-pollinating  blue-spotted  lavender  plants  entirely 
blue  plants  were  obtained,  in  addition  to  spotted  lavender  plants.  Two  of 
these  plants  were  selfed  and  they  gave  a  total  of  18  blue  progenies  and  no 
lavender  plant. 

An  examination  of  the  size  of  the  blue  spots  on  the  lavender  plants  showed 
that  they  are  prevailingly  of  two  types;  small  dots  and  large  regions  covering 
several  flowers.  Medium-size  spots  were  very  rare.  The  size  of  the  spots 
may  be  taken  as  an  indication  of  the  time  when  mutation  occurs — small  spots 
occurring  late  in  development  and  large  spots  occurring  early.  By  the  method 
of  measuring  the  size  of  the  spots  which  was  described  in  last  year's  report 
(pages  35  and  36)  the  mutability  of  the  gene  for  lavender  was  determined  for 
6  cell-generations  toward  the  end  of  the  development  of  flowers.  Expressed 
in  percentages  it  was  found  to  be  2.6,  2.7,  3.3,  5.5,  12.8  and  73.1  in  the  first 
and  to  the  sixth  cell-generation  respectively.  It  will  be  noted  from  these 
results  that  the  mutability  of  the  lavender  gene  was  low  and  almost  constant 
in  the  first  three  cell-generations  for  which  the  measurements  were  made. 
In  the  fourth  generation  the  frequency  doubled;  in  the  fifth  generation  it 
increased  5  times,  and  in  the  sixth  the  increase  was  28  times.  The  increase  of 
mutability  toward  the  end  of  development  was  so  high,  that  89.5  per  cent  of 
all  mutations  that  occurred  during  the  development  occurred  in  the  last  stages 
of  that  development. 
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The  mutability  of  this  lavender  gene  was  found  to  be  high,  also,  in  the  early- 
stages  of  the  development  of  the  plants.  This  was  evident  from  the  number 
of  large  blue  sectors,  involving  several  flowers  of  the  raceme.  Of  80  plants 
that  were  examined,  13  were  chimeras  with  blue  sectors  covering  one-tenth  to 
one-half  of  the  plants;  42  showed  blue  sectors  that  were  larger  than  half  the 
plant,  and  only  25  were  without  blue  flowers.  It  is  concluded  that  the  germ- 
cells  are  probably  formed  when  the  mutability  of  the  gene  is  high  because  of 
the  fact  that  self -pollinated  lavender  plants  with  small  spots  gave  116  blue 
and  74  spotted  lavender  offspring.  The  almost  entire  absence  of  medium 
blue  spots  on  the  lavender  plants  indicates  that  the  mutability  of  the  lavender 
gene  is  low  during  the  middle  period  of  development.  The  gene  for  lavender 
color,  consequently,  mutates  differently  in  different  stages  of  the  development 
of  the  plant.  It  has  a  high  mutability  in  the  early  stages  of  development;  a 
low  one  in  the  middle  stages  and  a  very  high  one  toward  the  end  of  develop- 
ment. 

Datura 

The  studies  in  the  mutations  of  the  germ-plasm  of  Datura  and  the  phseno- 
typical  conditions  associated  with  such  germ-plasmic  mutations  have  been 
made  by  Dr.  Blakeslee,  in  charge,  associated  with  Dr.  Belling  and  with  the 
assistance  of  Amos  G.  Avery,  Associate  in  Plant  Breeding,  Miss  Nancy  D. 
Crockett,  assistant,  and,  during  the  summer,  of  Professor  John  T.  Buchholz, 
Miss  Louise  Buck,  Mr.  J.  L.  Cartledge,  Miss  Rachel  Hynes  and  Miss  Betty 
Watt. 

NEW  GENES 

The  discovery  of  new  gene  mutations  in  Datura  is  of  the  highest  importance, 
inasmuch  as  it  serves  to  reveal  the  chromosome  whose  tripling  is  responsible 
for  each  2n+l  mutant  found  in  this  species.  These  genes  are  recognized  by 
their  Mendelian  behavior.  The  new  genes  have  been  located  in  the  proper 
chromosome  by  the  method  of  trisomic  ratios.  Of  especial  interest  is  the 
recessive  character  tricarpel  (tc)  which  has  been  located  in  the  Reduced  (R) 
chromosome.    Dr.  Blakeslee  reports  on  these  new  genes — 

"Of  plants  heterozygous  for  tricarpel,  the  female  back-crosses  give  normal 
1  : 1  ratios  but  the  male  back-crosses  (using  pollen  from  the  heterozygote) 
give  ratios  of  about  5  dominants  to  1  recessive.  An  investigation  by  Dr. 
Buchholz  of  the  pollen-tube  behavior  has  shown  that  tubes  which  carry  the 
gene  tc  generally  swell  up  and  burst  before  reaching  the  ovary  so  that  in  a 
mixed  population  of  normal  and  tricarpel  pollen  tubes,  those  carrying  the 
gene  for  tricarpel  are  seldom  able  to  function.  This  developmental  selection 
which  takes  place  in  the  growth  of  pollen  tubes  tends  to  eliminate  the  new 
character. 

"A  factor  for  pale  leaves  has  been  located  in  the  Globe  chromosome,  one 
for  short  stature  in  the  Elongate  chromosome,  and  one  for  the  white  flower- 
color  found  in  Datura  ferox  in  the  Glossy  chromosome. 

"The  gene  for  ferox  white  and  for  the  dominant  character  Bronze  are  of 
some  interest.  They  are  both  in  the  Glossy  chromosome  and  apparently 
allelomorphic  to  each  other.  Bronze  can  show  only  on  purple  plants  but  the 
gene  for  ferox  white  suppresses  the  expression  of  the  Bronze  character  in 
purple  plants  heterozygous  for  both  Bronze  and  ferox  white."! 
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REVERSE  MUTATION 

As  Demerec  has  found  in  Drosophila  that  reddish  and  miniature- a  mutate 
back  to  normal,  so  reverse  mutations  have  been  found  by  Blakeslee  in  Datura. 

"The  mutant  swollen  (sw)  has  shown  irregularities  in  its  inheritance  but 
the  breeding  evidence  has  seemed  to  indicate  that  the  gene  sw  is  located  in  the 
Ilex  chromosome.  This  year  we  combined  swollen  with  several  other  genes, 
thus  making  up  double  recessives  to  be  used  as  testers.  Offspring  from  an 
Fi  from  the  cross  p2  Sw2X  P2  sw2  segregated  for  P  and  p  but  threw  no  swollens. 
The  matter  has  been  tested  further.  We  now  have  several  cases  in  which  the 
seeds  from  one  capsule  of  a  heterozygous  plant  threw  offspring  segregating  for 
swollen,  but  the  seeds  from  another  capsule  of  the  same  plant  failed  to  pro- 
duce them.  In  two  of  these  cases,  the  parent  was  a  simplex  heterozygous  Ilex 
and  threw  Ilex  offspring  in  the  usual  proportion  even  from  the  capsule  from 
which  no  swollens  were  produced.  If  the  gene  for  swollen  is,  in  fact,  located  in 
the  Ilex  chromosome,  the  preceding  shows  that  the  peculiar  behavior  is  not 
due  to  chromosome  elimination.  It  appears  to  be  due,  rather,  to  a  reverse 
mutation  of  the  recessive  gene  sw  to  its  dominant  allelomorph  Sw,  taking 
place  somatically  in  a  heterozygous  individual.  Swollen  has  not  thus 
reverted  in  the  homozygous  condition." 

INHERITANCE  IN  SECONDARIES 

As  shown  in  the  earlier  reports,  the  secondaries  in  Datura  represent  pri- 
maries in  which  the  extra  chromosome  has  a  modified  constitution.  Blakeslee 
reports  on  the  results  of  investigating  the  inheritance  of  genes  that  have  been 
located — 

"from  a  single  primary  (2n+l)  type.  It  has  been  customary  to  investigate 
its  inheritance  in  the  secondaries  of  this  type.  The  genes  for  white  (p)  and 
curled  (c)  have  been  located  in  the  Poinsettia  chromosome.  Dwarf,  the 
secondary  of  Poinsettia,  when  heterozygous  for  P  throws  disomic  ratios  but, 
when  simplex  for  c,  throws  in  female  back-crosses  an  approach  to  the  trisomic 
ratios  2  C  :  1  c  among  the  normal  offspring  and  throws  only  C's  among  the 
dwarf  offspring.  The  duplex  heterozygous  Dwarfs  throw  offspring,  among 
which  all  the  normals  are  c  and  all  the  Dwarfs  are  C.  We  have  not  yet  been 
able  to  get  a  homozygous  curled  Dwarf  as  we  could  easily  have  done  if  the 
double-half  chromosome  were  not  carrying  C.    The  simplex  Dwarf  may  be 

P  P  C 

written  -~  —  ~     ,  in  which  the  dotted  lines  separate  the  chromosome  halves 

and  the  last  fraction  represents  the  double  half  chromosome.    Similarly  the 

P    P   C 

duplex  Dwarf  would  be   >v     From  the  results  just  given,  it  has  been 

concluded  that  the  Dwarf  half  of  the  Poinsettia  chromosome  carries  the  locus 
for  c,  while  the  other  half  contains  the  locus  for  p.  There  are  at  least  three 
types  of  chromosomal  behavior  that  might  account  for  trisomic  instead  of  the 
disomic  inheritance  to  be  expected  from  simplex  Dwarfs.    (1)  Crossing-over 

C  P 

between  the  ^  chromosome  and  the  -  chromosome.  This  appears  un- 
likely since  no  C  normals  appear  from  duplex  Dwarfs.  (2)  Detachment  of  the 

P  ... 

■— ■  chromosome.     Somatic  elimination  of  the  c  chromosome  was  reported 

last  year  for  two  simplex  Poinsettias  and  one  simplex  Dwarf.  Records  this 
past  year  from  sectorial  branches  on  two  simplex  and  one  duplex  Poinsettias 
show  again  that  in  each  case  a  c  and  not  a  C  chromosome  was  eliminated  and 
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suggest  that  the  gene  for  curled  has  been  responsible  in  some  way  for  these 
somatic  eliminations  of  the  chromosome  in  which  it  is  located.    (3)  Selective 

P  P 

disjunction  producing  more     ~  gametes  than  —  gametes.    The  question  is 

being  investigated  further. 

"Maple  is  another  secondary  which  behaves  like  Dwarf  in  that  it  has  given 
trisomic  ratios  when  simplex  for  either  Bronze  or  ferox  white,  the  genes  for 
which  are  located  in  the  Glossy  chromosome.  Maple  is  peculiar  in  that  it 
appears  to  show  morphological  resemblance  to  both  the  primaries  Buckling 
and  Glossy.  It  has  been  preliminarily  classed  as  a  secondary  of  Buckling, 
however,  because  it  had  thrown  a  relatively  high  proportion  of  this  primary  in 
its  offspring  and  in  many  characters  appeared  to  be  complementary  to  Straw- 
berry which  is  a  secondary  of  Buckling.  The  possibility  is  being  kept  in  mind 
that  the  Maple  half  of  the  Glossy  chromosome  may  contain  a  portion  of  the 
Buckling  chromosome." 

BAD  POLLEN  INDUCERS 

In  the  last  report  evidence  was  presented  for  the  existence  of  bad  pollen 
inducers  that  when  crossed  with  our  Line  1,  as  a  standard,  gave  in  Fi  50 
per  cent  aborted  pollen  grain  ovules.  Further  studies  have  been  made  upon 
this  subject  and  upon  this  activity  Dr.  Blakeslee  reports  as  follows: 

"Trisomic  ratios  in  back-crosses  indicated  that  both  the  Echinus  and  the 
Microcarpic  chromosomes  were  responsible  for  the  Line  7  pollen  type.  The 
testing  of  our  collection  of  biotypes  for  bad  pollen  inducers  has  been  continued. 
In  the  last  tabulation  there  were  85  lines  which  were  of  the  same  pollen  type  as 
Line  1,  since  the  Fi's  with  Line  1  had  good  pollen,  and  15  lines  of  the  same  type 
as  Line  7,  since  their  Fi's  with  Line  7  had  good  pollen  and  their  Fi's  with  Line 
1  had  50  per  cent  bad  pollen.  In  addition  there  were  a  half-dozen  lines,  the 
Fi's  of  which  with  both  Line  1  and  Line  7  showed  definite  percentages  of  bad 
grains.  One  of  these,  collected  in  Angol,  Chile,  produced  Fi's  with  Line  1 
which  showed  25  per  cent  bad  grains.  The  ratios  of  plants  with  good  and  with 
25  per  cent  bad  grains  in  the  back-crosses  indicated  that  the  cause  of  the 
aborted  grains  was  located  in  the  Globe  and  in  the  Cocklebur  chromosomes. 
Furthermore,  the  production  of  bad  grains  was  linked  with  the  factor  for  pale 
leaves  shown  to  be  in  the  Globe  chromosome.  This  cross  has  given  rise  to 
several  new  types  related  to  Cocklebur  and  Globe.  By  inter  se  crosses  and  by 
trisomic  ratios  in  respect  to  plants  with  good  and  with  definite  proportions 
of  bad  grains,  it  is  hoped  to  be  able  to  establish  a  classification  of  the  pollen 
types  in  our  collection  and  to  learn  what  pairs  of  non-homologous  chromosomes 
have  been  responsible  for  each  type.  In  addition  to  our  main  lines,  we  have  a 
considerable  number  of  extractives  from  the  cross  between  Line  1,  Datura 
stramonium,  and  D.  ferox,  the  Fi's  between  which  and  Line  1  give  various 
percentages  of  bad  grains.  It  is  hoped  we  may  be  able  to  discover  by  bad 
pollen  induction  and  trisomic  ratios  what  are  the  differences  between  the 
chromosomes  in  two  species  in  nature. 

"The  hypothesis  of  segmental  interchange  between  non-homologous 
chromosomes  suggested  by  Dr.  Belling  for  the  origin  of  the  B  whites  is 
being  used  for  the  explanation  of  the  bad  pollen  inducers.  Miss  Haynes  and 
Miss  Buck  last  summer  found  in  the  Fi's  between  B  whites  and  Line  1 
closed  rings  of  four  attached  chromosomes  which  would  be  expected  on  this 
hypothesis,  but  in  Fi's  between  Line  1  and  the  Line  7  type  of  bad  pollen 
inducers  no  such  attachment  of  four  chromosomes.  The  question  is  being 
investigated  why  Fi's  with  B  whites  do  not  produce  bad  pollen  and  why  Fi's. 
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with  Line  7  type  bad  pollen  inducers  do  not  produce  closed  rings  of  four 
chromosomes.  A  tentative  hypothesis  has  been  formed  suggesting  that  in 
the  origin  of  B  whites  the  chromosomal  parts  had  been  interchanged  in  such 
a  way  that  the  ends  were  kept  free  and  repulsion  at  disjunction  in  Fi's  might 
therefore  be  expected  to  produce  only  Line  1  and  B  white  type  pollen  grains 
without  non-viable  combinations  whereas,  in  the  origin  of  Line  7  type  bad 
pollen  inducers,  two  of  the  parts  interchanged  had  their  ends  reversed  so  that 
no  opportunity  for  four  attachments  would  be  possible  and  with  random 
assortment  of  chromosomes  taking  place,  non-viable  combinations  in  the 
pollen  grains  might  be  expected.  We  are  studying  the  chromosome  con- 
figurations in  Fi's  between  Line  1  and  a  considerable  number  of  lines  of  diverse 
origin.  So  far,  Miss  Bergner  has  found  one  case  in  which  there  are  10  sets  of 
two  and  a  string  of  four  chromosomes  which  do  not  form  a  closed  ring.  For 
this  reason  and  because  the  largest  chromosome  does  not  seem  to  be  in  the 
string  of  four,  it  seems  probable  we  are  dealing  with  interchange  between  two 
homologous  chromosomes  different  from  these  involved  in  the  origin  of  B 
whites.  The  open  configuration  of  four  chromosomes  might  be  accounted  for 
if  only  one  of  the  parts  interchanged  had  been  reversed." 

SECTORIAL  CHIMERAS 

Mention  has  been  made  above  of  2n  branches  produced  on  Poinsettia 
plants  by  the  elimination  of  a  chromosome  which  carried  the  gene  for  curled. 
Dr.  Blakeslee  reports  upon  certain  chimeras  as  follows: 

"Last  fall  a  plant,  somewhat  resembling  Poinsettia,  was  discovered  to  have 
its  stem  streaked  v/ith  green,  suggesting  the  elimination  of  the  chromosome 
carrying  the  gene  for  purple  from  the  heterozygous  condition.  Ultimately 
the  green  streaks  involved  a  bud,  and  a  green-stemmed  branch  with  white 
flowers  resulted,  which  has  bred  true  for  white.  The  purple  branch  has  pro- 
duced a  number  of  green  streaked  seedlings  from  selfing  in  addition  to  show- 
ing segregation  for  purple  and  whites.  It  is  of  interest  that  from  male  back- 
crosses  from  the  purple  branch  we  have  obtained  two  seedlings  with  green 
streaks  indicating  that  the  cause  of  the  streaking  can  be  transmitted  through 
the  pollen. 

"Green  streaking  on  otherwise  purple  stems  has  occurred  in  a  considerable 
number  of  seedlings  from  capsules  injected  with  chloral  hydrate.  The  plants 
treated  were  recessive  whites  and  following  treatment  were  pollinated  from 
dominant  purples.  Back-crosses  of  flowers  on  these  green  sectors  to  whites 
have  produced  mostly  white  seedlings  but  also  a  few  purples  indicating  that 
these  sectors  were  perhaps  mixochimera. 

"The  haploid  (In)  plant  which  we  have  kept  growing  by  grafts  has  given 
rise  to  two  different  types  of  branches.  It  has  not  yet  been  possible  to  get 
chromosomal  counts  from  both,  but  judging  from  the  small  proportion  of 
aborted  pollen  grains  and  from  the  large  size  of  the  capsules,  one  is  diploid  or 
modified  diploid.  The  other  is  perhaps  a  recessive  somatic  mutation  since 
Miss  Bergner  has  found  the  normal  In  number  of  chromosomes  in  its  pollen 
mother-cells." 

Chromosome^Behavior  in  Various  Species  of  Flowering  Plants 

Dr.  John  Belling  has  continued  his  study  of  the  behavior  of  chromosomes 
in  the  early  metaphase  stage — a  study  which  directs  attention  to  the  remark- 
able forces  that  are  operating  in  determining  such  behavior.     We  have,  how- 
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ever,  at  present,  no  insight  into  the  nature  of  these  forces.    Belling  reports  as 
follows: 

CHIASMAS,  TWISTS  AND  FUSIONS  OF  HOMOLOGOUS  CHROMOSOMES 

In  Lilium,  especially,  the  so-called  "strepsinema"  stage,  or  the  stage  at 
which  the  paired  chromosomes  twist  more  or  less  tightly  one  about  the  other, 
is  well  developed  for  microscopical  observation.  Lilium  longiflorum  has  a 
haploid  (or  reduced)  group  of  12  chromosomes  which  are  not  of  very  different 
length  but  vary  in  form  from  a  J-chromosome  with  constrictions  well  removed 
from  the  ends,  passing  through  forms  (I-chromosomes)  in  which  the  constric- 
tion approaches  nearer  the  ends,  and,  in  the  other  end  of  the  series,  chromo- 
somes in  which  the  constriction  is,  doubtless,  terminal.  The  strepsinema  stage 
is  shown  in  all  12  paired  chromosomes  (bivalents).  This  strepsinema  stage 
has  been  figured  by  authors  as  if  all  the  nodes  were  twists.  To  make  sure  of 
this  point  requires  the  best  possible  fixation  and  critical  microscopy.  These 
nodes  in  Lilium  may  perhaps  be:  (1)  chiasmas;  {2)  half  twists;  (3)  temporary 
fusions  of  the  two  homologs ;  or  (4)  nearly  all  alternate  openings  between  ran- 
dom pairs  of  chromatids.  Belling  finds  that  over  half  of  them  are  chiasmas 
and  that  demonstrable  half  twists  are  scarce  in  Lilium  longiflorum  and  L. 
regale.  In  the  Lilium  where  the  relations  between  the  chromosomes  are  clearer 
than  in  most  plants  the  strepsinema  stage  comes  from  that  which  immediately 
precedes  by  an  opening-out  between  the  members  of  the  pairs  of  chromosomes; 
that  is,  presumably,  by  repulsion  between  the  homologues.  The  nodes  are 
already  present  in  the  preceding  stage  and  the  change  and  repulsion  of  the 
chromosomes  in  the  strepsinema  stage  make  the  nodes  more  evident.  In 
passing  from  the  strepsinema  stage  to  the  following  stages  nearly  half  of  the 
nodes  disappear  and  there  are  left  only  the  chiasmas.  The  nodes  that  dis- 
appear are  either  half  twists  or  temporary  fusions,  possibly  mostly  the  latter. 
In  Lilium  nearly  40  nodes  were  counted  at  the  strepsinema  stage,  but  only  a 
few  over  20  were  left  in  the  following  stages  (in  the  late  prophase  or  in  the 
metaphase) . 

Chiasmas  may  be  regarded  as  demonstrated  for  many  of  the  nodes  in 
Uvularia,  Hyacinthus  and  Lilium.  The  hypothesis  that  the  nodes  are  due  to 
alternate  openings  between  random  pairs  of  chromatids  is  probably  negatived 
by  the  following  considerations:  (a)  if  the  4  chromatids  open  out,  or  repel, 
equally  there  should  be  a  large  number  of  cases  of  the  3  : 1  or  1  :  2  :  1,  or 
1:1:1:1  assortments,  which  do  not  occur;  (b)  many  of  the  cases  with  one 
node  (forming  crosses)  should  have  the  same  assortment  on  both  sides  of  the 
node,  and  hence  should  show  no  chiasma;  a  phenomenon  which  does  not  seem 
to  occur;  (c)  with  heteromorphic  homologues,  half  of  the  early  crosses  should 
show  separation  between  the  two  halves  of  the  homologue;  which  does  not 
seem  to  have  been  seen;  (d)  in  Lilium  and  Tulipa  (as  described  by  Newton) 
there  are  intermediate  nodes  between  the  chiasmas,  as  already  stated  above, 
and  these  would  interfere  with  the  regular  alternation  of  opposite  "openings- 
out";  (e)  in  the  triploid  Hyacinthus,  combinations  of  the  ring  and  cross,  for 
example,  occur;  and  these  can  not  be  made  to  fit  the  opening-out  hypothesis. 

The  objections  that  Belling  finds  to  considering  the  nodes  as  half -twists  are 
the  following:  (a)  many  of  them  (60  per  cent  in  Lilium)  are  visibly  chiasmas; 
(b)  the  origin  of  regular  twists  would  require  the  revolution  of  one  homologue 
about  another  for  which  no  probable  cause  appears;  (c)  the  disappearance  of 
nearly  half  of  these  nodes  in  Lilium  (as  in  Tulipa)  would  require  counter 
revolutions,  which  are  unlikely. 

The  criteria  of  a  chiasma  are  several:  (a)  there  is  visible  a  distinct  X,  plus 
two  parallel  chromatids  on  opposite  sides;  (b)  the  two  diverging  homologues 
on  each  side  of  a  node  are  at  right  angles;  (c)  the  vertical  halves  of  rings  or 
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V's  separate  at  the  metaphase  without  splitting  apart,  while  the  horizontal 
V's  split;  (d)  the  two  chromatids  of  one  branch  of  a  V  or  ring  diverge  after 
passing  the  node. 

NODES  OF  BIVALENTS  IN  LILIUM 

In  the  earliest  prophase  (immediately  following  the  strepsinema  stage)  39 
nodes  were  counted  in  the  12  bivalents  in  Lilium  longiflorum.  In  the  latest 
prophase  Lilium  averaged  23  nodes.  In  the  metaphase  the  count  was  23 
nodes.  Thus  about  16  nodes  disappeared  between  early  and  late  prophase. 
Belling  regards  it  as  possible  that  these  16  nodes  were  merely  temporary 
fusion  points  between  the  two  homologues. 

NODES  OF  BIVALENTS  IN  HYACINTHUS 

In  Hyacinthus  the  bivalents  are  clumped  and  granular  at  the  early  prophase. 
At  the  latest  prophase  and  in  the  metaphase  the  nodes  were  counted  in  116 
bivalents.  Of  these  62  had  one  node  and  54  had  two  nodes.  In  other  cases 
bivalents  with  three  nodes  have  been  seen  but  not  here.  When  from  these 
chiasmas  the  percentages  of  crossing-over  of  genes  that  should  result  were 
calculated,  the  figures  were  of  the  same  order  as  the  results  with  chromosome  I 
in  Drosophila  melanogaster. 

DIPLOID  AND  TRIPLOID  HYACINTHUS 

The  comparison  of  bivalents  and  trivalents  in  Hyacinthus  has  been  resumed. 
The  conclusion  reached  is  that  the  three  homologues  conjugate  with  one 
another,  just  as  the  two  homologues  do  in  a  bivalent.  This  applies  to  large, 
medium  and  small  bivalents.  The  resulting  configurations  are  usually  com- 
plicated because  of  the  varying  position  and  number  of  the  nodes. 

CHAINS  OF  CHROMOSOMES  IN  RHOEO 

"There  are  apparently  three  main  kinds  of  inheritance  at  present  known; 
gametic  inheritance,  worked  out  chiefly  by  De  Vries  and  Renner  in  varieties 
and  species  of  Oenothera;  chromosomal  inheritance,  discovered  first  by  Mendel, 
in  varieties  or  species  of*  Pisum,  and  including  diploid,  triploid  and  tetraploid 
inheritance;  and  chromomeral  inheritance,  investigated  mainly  at  Columbia 
University  in  species  of  Drosophila.  In  Belling's  opinion  gametic  inherit- 
ance has  now  at  last  been  shown,  especially  by  Cleland  (1922  to  1925)  and 
Hakansson  (1926),  to  depend  on  the  formation  of  a  complete  or  partial 
chain  (or  ring)  of  chromosomes  before  the  first  metaphase. 

"In  Rhoeo  discolor,  a  not  uncommon  greenhouse  plant,  there  are  twelve 
chromosomes  (one  can  not  apparently  say  six  pairs),  and  all  twelve  are 
regularly  arranged  in  a  chain  at  diakinesis  and  the  first  metaphase  in  the 
maturation  divisions.  Bivalents  are  not  seen.  Alternate  chromosomes  often 
pass  to  opposite  poles,  as  Cleland  found  in  Oenothera.  The  formation  of 
pollen  tetrads  is  usually  normal. 

"The  results  in  Mendelian  terminology  are  somewhat  as  if  the  plant  had 
only  two  chromosomes,  apparently  without  crossing-over,  and  was  a  perma- 
nent heterozygote;  both  homozygotes  perishing,  or  one  class  of  gametes 
perishing  as  pollen  and  the  other  as  embryo  sacs. 

"This  mode  of  inheritance,  whose  cytological  basis  has  now  been  found  in 
both  monocotyledons  and  dicotyledons,  will  probably  not  be  common, 
because  half  of  the  gametes  or  zygotes  must  die  if  the  line  is  to  be  constant. 
However,  it  affords  facilities  for  the  production  of  permanent  heterozygotes 
by  the  crossing  of  varieties,  subspecies  and  species.  Fi  plants  would  usually 
be  constant,  and  reciprocal  crosses  would  differ  (as  happens  more  or  less  in  the 
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Oenotheras,  some  of  which,  however,  show  mixed  gametic  and  chromosomal 
inheritance,  having  incomplete  rings  or  chains).  Any  of  these  permanent 
heterozygotes  might  become  relatively  constant  and  diploid  by  doubling  its 
chromosome  group.  This,  which  in  true  diploid  plants  would  result  in  a 
true  tetraploid,  would  here  produce  a  more  or  less  irregular  '  double  diploid', 
which  would  not  show  tetraploid  (tetrasomic)  inheritance  of  genes. 

"  Since  the  first  plant  found  with  n  extra  chromosomes  was  an  Oenothera,  it 
has  been  taken  as  a  sample  of  triploids.  A  Rhoeo  with  a  group  of  six  extra 
chromosomes  will  not  be  a  true  triploid,  since  it  has  only  six  pairs  of  true 
homologues;  and  the  six  other  chromosomes  can  not  be  called  homologues,  if 
only  because  their  terminal  attractions  differ.  Hence  the  'semigigas' 
Oenothera  biennis,  or  a  possible  similar  variation  in  Rhoeo,  would  not  give 
triploid  (trisomic)  inheritance.  The  chromosome  assortment  would  be 
irregular,  and  might  approximate  to  random  distribution  of  the  extra  chromo- 
somes, as  Van  Overeem  found  in  Oenothera.  Nor  could,  as  stated  above,  a 
'gigas'  form  of  Oenothera  or  Rhoeo  be  taken  as  a  sample  of  true  tetraploids. 

"The  following  symbols  may  be  suggested  for  these  cases.  For  the  ordi- 
nary forms  with  complete  chains,  n-\-N,  instead  of  2n.  Thus  the  'semigigas' 
will  be  n-\-2N  or  2n-\-N;  and  the  'gigas'  will  be  2n+2iV.  Oenothera  lamarck- 
iana  is  (as  Cleland  demonstrated)  a  mixed  form,  namely,  (n  —  l)-\-(N—  1) 
+2." 

DlPLOIDY   OF   THE    CliADOCERA    MALE 

Cladocera  males  have  long  been  supposed  to  be  diploid  in  chromosome 
make-up  and  this  result  has  been,  during  the  past  year,  confirmed  by  Allen  for 
Moina.  Banta  has  secured  genetical  evidence  on  this  point.  Individual 
males  of  Daphnia  longispina  from  three  different  lines  which  are  known  to  be 
heterozygous  for  one  or  more  mutant  characters  were  mated  with  6  to  18 
sexual-egg-bearing  females  of  a  stock  known  not  to  carry  these  dominant 
mutant  characters.  Sexual  eggs  were  produced,  which  hatched  poorly,  but 
from  all  of  the  crosses  which  have  yielded  more  than  a  single  individual, 
namely  4  in  number,  we  have  had  offspring  of  two  kinds,  those  with  and  those 
without  the  mutant  character.  In  two  of  these  crosses  two  mutant  dominant 
characters  were  involved  and  segregation  in  the  male  occurred  for  both 
characters.  Since  it  is  obvious  that  segregation  is  not  to  be  expected  in  a 
haploid  male,  the  demonstration  of  segregation  in  these  males  constitutes 
genetic  evidence  that  they  are  diploid. 

DEVELOPMENT  AND  ITS  GENETIC  CONTROL 
Growth  in  Mammals 

One  of  the  most  remarkable  and  apparently  simple  processes  of  develop- 
ment is  that  of  the  growth,  or  the  increase  in  size,  of  the  developing  organism. 
We  have  accordingly  concentrated  on  this  topic  as  a  means  of  getting  an 
insight  into  the  way  in  which  the  chromosomes  do  their  work  of  directing  the 
course  of  development  and  we  have  made  use  of  our  long  inbred  lines  of  mice 
whose  genetical  possibilities  are  well  known.  In  connection  with  the  study 
that  is  being  made  on  prenatal  deaths  in  mammals,  MacDowell  has  made  a 
series  of  careful  determinations  of  the  weight  of  the  embryonic  mice  at 
precisely  determined  ages.  In  cooperation  with  Dr.  Ezra  Allen  959  mouse 
embryos  have  been  weighed,  derived  from  115  litters  of  ages  ranging  from  8 
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to  18  days  after  conception.  Also  192  embryos  were  taken  by  Dr.  Allen  from 
23  litters  aged  5  to  7.5  days  from  the  fertilization  of  the  egg.  Most  of  the 
latter  group  have  been  sectioned  and  studied  for  determining  the  period  of 
the  primitive  streak  in  mouse  embryos.  The  main  difficulty  in  finding  a  true 
curve  of  prenatal  growth  is  due  to  the  fact  that  different  embryos  at  different 
ages  must  be  assumed  to  give  the  curve  that  would  be  given  by  the  same 
embryo  at  different  ages.  We  can  approach  the  desideratum  of  a  curve 
derived  from  the  same  embryo  at  different  ages  only  if  the  diverse  embryos 
studied  are  comparable  with  each  other. 

To  make  the  embryos  as  comparable  as  possible  each  detail,  starting  with 
the  birth  of  the  mothers  of  the  embryos,  was  carefully  standardized.  In  order 
to  secure  the  greatest  vigor  of  growth  with  a  minimum  of  segregation  of 
differentiating  characteristics  the  embryos  were  triple  hybrids,  resulting  from 
the  union  of  three  highly  inbred  and  unrelated  strains.  The  time  of  copula- 
tion was  known  within  an  hour;  85  per  cent  of  the  vaginal  plugs  observed 
resulted  in  pregnancy.  The  technique  of  dissecting  the  embryos  from  the 
membranes  and  placentae  and  weighing  them  was  of  as  high  a  degree  of 
accuracy  as  the  observers  could  secure.  All  embryos  were  taken  out  under  a 
binocular  microscope.  The  smallest  ones  were  dissected  from  their  envelopes 
in  Locke's  solution  under  a  magnification  of  30  diameters.  The  weights  of  the 
older  embryos,  taken  to  10  days  of  age,  were  recorded  to  four  significant 
decimals  of  a  gram  on  a  Sartorius  balance.  Younger  embryos  were  recorded 
to  the  fifth  place  of  decimals  with  a  working  accuracy  within  1/100  mg.  This 
was  made  possible  by  a  Troemner  assay  balance  with  which  triple-checked 
precision  button  weights  were  used.  Daily  readings  of  the  zero  position  and  of 
glassware  kept  a  constant  check  on  atmospheric  variables.  All  of  the  weigh- 
ing was  done  by  Charlotte  G.  MacDowell.  The  analysis  of  data  secured  from 
these  weighings  leads  to  the  following  conclusions. 

INFLUENCE  OF  NUMBER  OF  EMBRYOS  AND  OF  SEX  ON  WEIGHT 

In  consequence  of  the  hybrid  nature  of  the  embryos  weighed  the  litters 
were  large  (averaging  close  to  nine  embryos)  and  showed  a  small  variability  in 
numbers.  Within  the  range  of  variability  we  find  no  correlation  between 
litter  size  and  weight,  even  in  the  last  two  days  before  birth.  The  average 
weight  for  males  is  slightly  higher  than  for  females  on  the  last  (18th)  day  of 
gestation,  but  at  no  earlier  age  is  there  any  appreciable  difference.  These 
two  results  simplify  the  study  of  normal  prenatal  growth  and  justify  the 
practise  of  averaging  together  both  the  sexes  and  litters  of  different  sizes. 

PRENATAL  GROWTH  A  LOGARITHMIC  FUNCTION  OF  EMBRYO  AGE 

The  average  weights  for  the  different  days,  plotted  on  logarithmic  paper,  lie 
close  to  a  straight  line,  when  age  or  time  of  development  is  computed  from  a 
point  7.2  days  after  the  moment  of  conception.  This  modification  of  the  age 
was  shown  by  graphic  methods  to  give  the  closest  fit  to  a  straight  line.  The 
slope  of  the  straight  line  was  determined  by  the  method  of  least  squares.  The 
line  is  expressed  mathematically  by  the  following  equation,  which  gives  the 
expected  weight  (W)  of  an  embryo  at  any  conception  age  (t)  in  days,  reduced 
by  7.2  days  in  order  to  give  embryo  age  in  days.    This  product  is  multiplied 
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by  ten  to  express  the  units  in  tenths  of  a  day  in  order  to  avoid  the  use  of 
minus  logarithms. 

log  W  =  3.647  log  [10  (t-7.2)  ]+8.6587 
The  use  of  7.2  days  from  fertilization  of  the  egg  as  a  zero  point  of  embryo 
age  is  justified  by  the  embryological  studies  of  Allen  made  on  timed  and 
sectioned  embryos  of  our  stock,  as  well  as  by  the  work  of  Sabotta  and  others. 
These  show  that  about  7  days  of  embryonic  life  are,  in  the  mouse,  consumed 
in  the  work  of  implantation,  including  the  development  of  the  trophoblast 
and  the  primitive  fetal  membranes.  It  is  not  until  7  days  have  passed  that  the 
group  of  cells  out  of  which  the  embryo  proper  is  to  develop  begins  to  differen- 
tiate as  indicated  by  the  formation  of  the  primitive  streak.  Since  the  embryo 
proper  first  begins  to  differentiate  at  the  end  of  7  days  that  period  marks  the 
probable  zero  point  for  its  development.  The  fact  that  it  is  possible  to  estimate 
the  time  of  the  beginning  of  the  embryo  from  the  growth  curve  of  the  embryo 
indicates  that  before  the  embryo  proper  is  started  the  growth  of  the  blastula 
and  of  the  egg  cylinder  follows  an  essentially  different  law  from  that  shown 
by  the  embryo  proper.  By  the  time  the  egg  cylinder  is  well  implanted  in  the 
uterine  tissues  the  maternal  hemoglobin  becomes  available  as  embryotroph. 
With  the  food  supply  well  established  the  organization  of  the  embryo  proper 
is  begun  and  growth  proceeds  at  a  tremendous  rate  that,  considering  the 
weight  of  the  embryo,  is  never  again  equaled.  MacDowell  has  shown  that 
this  relation  between  the  beginning  of  the  embryo  and  a  logarithmic  straight 
line  is  not  an  accidental  matter  by  comparing  his  data  from  the  mice  with  the 
data  of  other  investigators  for  the  guinea-pig.  The  latter  data  also  conform 
to  a  logarithmic  straight  line  when  embryo  age  is  taken  as  12  days  less  than 
conception  age,  according  to  the  formula  log  W  =  3.987  log  (t— 12)4-5.1839. 
In  this  case  also  the  embryological  studies  that  have  been  made  agree  with 
the  graphic  estimate  made,  indicating  that  the  end  of  the  twelfth  day  is  the 
beginning  of  the  embryo  proper.  MacDowell  calls  attention  to  the  fact  that, 
despite  the  long  gestation  of  the  guinea-pig  (64  days),  which  covers  the  period 
of  infancy — post  partum  in  many  mammals — a  single  formula  applies  from 
the  beginning  of  the  embryo  proper  to  time  of  parturition.  This  has  con- 
siderable importance  in  the  analysis  of  the  factors  that  shape  growth  curves. 
Given  the  uniform  conditions  of  intrauterine  life  the  increase  in  weight  of  the 
guinea-pig  during  its  stage  of  infancy  continues  to  show  the  same  law  as  is 
shown  by  the  earlier  intrauterine  stages— stages  which  alone  are  represented 
in  the  mouse. 

MacDowell  has  extended  this  method  of  analyzing  growth  to  the  chick. 
The  published  data  follow  a  straight  line,  when  embryo  age  is  taken  as  12 
hours  less  than  the  incubation  age. 

log  W  =  3.436  log  [10  (t  -0.5)  ] +7.626. 

This  formula  was  determined  graphically  before  it  had  been  ascertained  that 
Duval  gives  12  hours  as  the  time  of  formation  of  the  primitive  streak. 

The  prenatal  growths  of  these  three  animals  not  only  agree  in  indicating 
the  time  of  the  beginning  of  the  embryo  proper  but  they  also  show  that  these 
animals  have  similar  growth  velocity  constants  during  embryonic  life.  The 
logarithmic  straight  lines,  based  on  the  respective  embryo  ages  are  not  far  from 
parallel,  as  shown  in  figure  1.     The  main  differences  in  development  depend 
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upon  the  amount  of  material  involved  in  the  first  organization  of  the  embryo 
proper  and  in  the  length  of  prenatal  life.  From  these  considerations  Mac- 
Dowell  concludes  that  the  growth  of  different  animals  may  be  compared  more 
accurately  if  age  is  counted,  not 
from  conception,  but  from  the  be- 
ginning of  the  differentiation  of 
the  embryo  proper.  A  detailed 
account  of  this  work  is  given  by 
MacDowell  and  Allen  in  a  paper 
that  is  in  press  under  the  title  of 
Prenatal  Growth  of  the  Mouse. 

OCCURRENCE  OP  PRENATAL 
MORTALITY 

Records  have  been  kept  by 
MacDowell  and  Allen  on  all  de- 
generate embryos  in  timed  litters. 
In  most  cases  these  consisted  of  a 
small  placenta,  about  3  mm.  in 
diameter,  not  much  degenerated, 
with  an  embryo  and  membranes 
represented  by  a  dark,  decomposed 
patch  on  top.  Rarely,  a  slightly 
decomposed  embryo,  with  com- 
plete membranes  was  found.  If 
all  such  cases  be  added  to  the  num- 
ber of  living  embryos  the  total 
number  of  membranes  found  on 
successive  ages  from  8  to  18  days 
fluctuates  about  a  horizontal  line 
and  shows  no  tendency  to  decline 
with  increasing  age.  This  shows 
that,  even  if  death  occur  as  early 
as  the  eighth  day,  some  evidence 
of  the  embryo  will  be  found  at  the 
eighteenth  day  and  the  number  of 
degenerates  found  at  any  age  will 
be  the  accumulated  total.  The 
curve  of  the  percentage  of  all 
implants  that  are  degenerate  rises 
from  4  per  cent  on  the  eighth  day 
to  11  per  cent  on  the  eleventh  day. 
From  this  time  on  there  is  no 
further  rise.  Thus  the  majority  of 
prenatal  deaths  occur  early  dur- 
ing the  period  of  rapid  organogeny. 
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Fig.  1. 


Growth  curve  of  mouse,  guinea-pig  and 
chick,  when  plotted  on  double  loga- 
rithmic paper.  Embryo  age  con- 
tinuing from  the  time  of  formation 
of  primitive  streak. 


EARLY  POSTNATAL  GROWTH  OF  THE  MOUSE 

MacDowell  has  continued  the  study  of  the  growth  and  weight  of  the  mouse 
for  some  days  after  birth,  using  the  same  experimentally  controlled,  genetical 
material  as  that  employed  for  the  study  of  intrauterine  growth.    The  ages  of 
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the  mice  were  counted  from  as  near  as  possible  the  hour  of  fertilization  of  the 
egg  and  they  were  weighed  at  that  hour  each  day,  without  regard  to  the  hour 
of  birth,  which  usually  occurred  during  the  nineteenth  day.  All  of  the  mice 
were  nursed  before  the  first  weighing  and  litters  were  reduced  at  birth  to  two 
males  and  two  females.  This  gives  abnormally  small  ratios  and  provides  an 
abnormally  large  amount  of  food  to  each  individual.  Male  averages  are 
higher  than  female  averages  from  birth.  The  line  of  growth  for  the  first 
seven  days  after  birth  has  a  slightly  different  slope  from  that  of  the  prenatal 
averages.  The  curve  of  the  daily  average  increments  reaches,  in  this  case,  its 
highest  point  on  the  eighth  day  after  birth,  when  the  weight  is  7.8  grams. 
This  is  over  twice  as  much  as  the  average  highest  prenatal  increment.  Beyond 
the  eighth  day  the  average  increments  decline. 

MODIFICATION  OF  THE  POSTNATAL  GROWTH  OF  MICE  FOLLOWING  OPERATIONS 

ON  THE  MOTHER 

A  detailed  study  of  postnatal  growth  in  the  mouse  was  carried  out  by 
Davenport  with  the  assistance  of  Miss  Newman  in  weighing  the  mice. 
Weighings  were  carried  out  from  birth  to  over  100  days,  both  on  control 
mice  and  on  the  offspring  of  mothers  which  had  undergone  certain  operations 
on  the  thyroid  gland.  The  purpose  of  this  investigation  was  to  determine  the 
extent  to  which  the  course  of  growth  could  be  changed  by  alterations  of  the 
thyroid  gland  before  the  period  of  gestation  began.  A  total  of  about  1,000 
mice  was  weighed,  and  of  these  392  constituted  a  control.  It  appeared,  at  the 
outset,  that  the  rate  of  growth  of  the  young  is  very  much  greater  in  smaller 
litters  and  thus  the  study  was  made  separately  on  litters  of  7  to  5  mice  and  of 
those  of  10  to  7.  The  curves  of  growth  of  the  different  sexes  and  of  mice 
born  in  the  different  seasons  of  the  year  were  found  to  be  not  entirely  com- 
parable. In  this  series  the  maximum  of  daily  increments  was  found  at  about 
the  sixth  day.  This  was  followed  by  a  decline  to  the  eighth  day  and  then  by 
an  increase  of  absolute  increments  to  the  twenty-sixth  day,  after  which  the 
increments  of  growth  declined  again.  The  growth  curve  of  the  large  litters, 
though  growth  is  smaller,  has  the  same  total  form.  The  reason  for  the  rela- 
tively slow  growth  of  the  large  litters  is,  doubtless,  that  each  mouse  receives 
less  milk,  but  the  effect  of  this  diminished  nutrition  persists  long  after  wean- 
ing— to  100  days  of  age  or  more.  In  fact,  the  limited  milk  supply  obtained 
by  the  large  litters  seems  to  be  a  persistent  handicap  to  the  growth  of  these 
mice.  An  attempt  was  made  to  alter  the  growth  curve  by  removing  the 
thyroid  gland  from  the  mothers.  The  operation  was  performed  by  Dr.  W.  W. 
Swingle,  then  of  Yale  University.  The  mice  born  of  such  completely  thy- 
roidectomized  mothers  developed  a  little  faster  than  the  controls.  At  the  end 
of  67  days  they  weighed  on  the  average  325  mg.  more  than  the  controls. 

The  offspring  of  mothers  in  which  the  thyroid  gland  has  been  merely  singed 
at  a  period  before  the  onset  of  gestation  grew  less  rapidly  than  the  controls. 
Thus  in  litters  of  7  to  5  mice  the  offspring  of  the  treated  mothers  at  36  days 
weighed  2  grams  less  than  the  controls.  It  appears  that  the  cauterization  of 
the  thyroid  gland  of  the  mother,  which  includes  also  partial  destruction  of  the 
parathyroid  gland,  has  its  effect  in  two  ways:  first,  by  altering  the  chemical 
constitution  of  the  milk,  probably  by  reducing  the  calcium  and,  secondly, 
presumably  by  the  production  of  some  substance  directly  injurious  to  growth 
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so  that  the  young  of  thyrocauterized  mothers,  though  nursed  by  control 
mothers,  do  not  grow  as  well  as  the  young  of  such  control  mothers. 

Attempts  were  also  made  by  Davenport  to  modify  the  postnatal  growth  by 
removing  the  gonads  from  both  male  and  female  mice  at  approximately  ten 
days  of  age.  Despite  the  severity  of  the  operation  the  growth  was  only 
slightly  retarded.  Although  the  analysis  of  the  data  is  not  yet  complete  it 
seems  probable  that  the  rate  of  growth  of  mice  so  operated  on  is  not  changed 
in  any  important  respect.  Especially  the  pre-adolescent  spurt  of  growth 
which  occurs  at  about  26  days,  seems  not  to  be  modified  in  the  gonadecto- 
mized  animals,  so  that  the  retardation  of  growth  which  occurs  nearly  simul- 
taneously with  an  increase  in  the  size  of  the  gonads  is  not  to  be  ascribed  to 
secretions  derived  from  the  gonads.  One  can  only  infer  that  the  time  rela- 
tions between  the  enlargement  of  the  gonads  and  the  retardation  in  growth 
processes  is  not  a  causal  one.  There  must  be  some  other  retarding  factor 
which  arises  even  in  the  absence  of  the  gonads  that  is  responsible  for  the 
slowing-up  of  growth  after  the  twenty-sixth  day.  Since  the  slowing-up 
occurs  to  about  the  same  degree  in  small  litters  and  large  litters  it  can  not  be 
due  to  a  change  in  the  milk  supply,  toward  the  end  of  the  lactation  period. 
The  retardation  of  growth  continues  after  weaning  when  the  mice  are  fur- 
nished with  all  of  the  food  that  they  can  utilize.  The  factor  responsible  for 
the  pre-adolescent  retardation  in  growth  remains  to  be  discovered.  It  may 
be  added  that  the  experiment  on  effect  of  thyrocautery  of  the  mother  on  the 
growth  of  the  offspring  was  undertaken  to  throw  some  light  on  the  produc- 
tion of  human  dwarfs,  especially  of  Mongoloid  dwarfs.  In  the  case  of  such 
human  dwarfs  there  is  frequently  a  history  of  severe  emotional  or  physical 
strain  in  the  mother  and  the  experiment  cited  suggests  that  the  disturbance  of 
the  thyroid  secretions  due  to  such  stress  may  be,  at  least  partly,  responsible 
for  the  production  of  Mongoloid  dwarfs.  At  the  same  time  it  has  to  be 
admitted  that,  partly  because  of  the  difference  in  differential  growth  in  mice 
and  men,  the  alterations  produced  by  the  thyrocautery  of  the  mother  mice  are 
not  likely  to  be  paralleled  in  the  human  Mongoloid  dwarfs. 

INFLUENCE  OF  PHEGNANCY  ON  GROWTH  OF  MOTHER 

MacDowell  and  Allen  were  able,  by  studying  the  weights  of  mothers  at 
the  time  of  conception  and  again  after  the  removal  of  the  embryos,  membranes 
and  placentae,  to  secure  a  curve  showing  the  change  in  mother's  weight  due  to 
pregnancy.  Practically  all  of  the  mothers  had  obtained  mature  weight 
before  conception.  The  youngest  ones  (three  months  old)  were  growing  at 
the  rate  of  0.075  gr.  per  day.  The  best  smoothing  of  the  averages  showing 
the  growth  during  pregnancy  is  a  straight  line  giving  a  daily  rate  of  0.5  gr. 
If  liberal  allowance  is  made  for  possible  growth  independent  of  pregnancy,  by 
supposing  that  all  mothers  were  growing  at  the  rate  of  the  youngest  ones,  we 
reach  the  conservative  conclusion  that  pregnancy  increases  this  rate  at  least 
5  times. 

SEX  STUDIES 

It  is  a  statistical  fact  that  has  long  been  known,  that  the  proportion  of  the 
sexes  in  man  and  mammals  deviates  somewhat  from  the  expected  proportions 
of  50  to  50.  The  causes  responsible  for  this  deviation  and  the  control  of  the 
proportions  remain  unknown.     We  have  seen  that  in  the  fly  Sciara,  the 
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method  has  been  worked  out  by  which  the  sex  ratio  is  under  the  control  of  the 
mother  or,  more  specifically,  of  her  eggs.  It  is  believed  that  in  birds  and 
mammals  by  certain  procedures  the  proportion  of  the  sexes  can  be  disturbed. 
Especially  Riddle  points  out  in  pigeons  over-work  of  the  female  in  the  egg- 
laying  process  results  in  an  increase  in  the  proportion  of  males. 

Sex  Ratio  and  Alcohol 

Various  attempts  have  been  made  to  influence  the  sex  ratio  through  the 
differential  susceptibility  of  the  two  kinds  of  sperm  to  different  treatments. 
Several  papers  by  Bluhm  and  others  profess  to  have  secured  results  from  the 
alcohol  treatment  of  male  mice.  Since  these  results  are  open  to  the  criticism 
of  being  based  on  too  small  numbers  and  being  insufficiently  controlled, 
MacDowell  has  undertaken  the  re-investigation  of  the  subject.  Male  mice 
were  subjected  to  the  heaviest  alcohol  treatment  that  they  could  survive,  five 
times  a  week  by  the  inhalation  method.  These  mice  were  mated  with  normal 
females  whose  successive  litters  were  sired,  alternately  by  a  treated  male  and 
his  untreated  litter  mate.  The  control  of  all  possible  influences  besides  the 
alcohol  treatment  was  carried  out  in  great  detail.  From  treated  fathers 
2,153  offspring  were  sexed,  giving  a  ratio  of  49.55  per  cent  males;  from  control 
fathers  2,285  offspring,  giving  a  ratio  of  50.70  per  cent  males.  The  deviations 
of  these  ratios  from  50  per  cent  are  less  than  their  probable  errors.  In  order 
to  meet  the  criticism  that  might  be  raised  that  failure  to  obtain  an  effect  might 
be  due  to  the  method  of  administering  the  alcohol,  since  in  MaeDowell's  ex- 
periments the  alcohol  was  taken  in  through  inhalation  while  in  cases  reporting 
positive  results  the  alcohol  was  injected,  a  small  experiment  was  carried  out 
with  exactly  the  same  treatment  as  Bluhm,  namely  0.2  c.c.  of  20  per  cent  of 
alcohol  injected  subcutaneously  on  alternate  days.  The  treated  males  in 
each  experiment  were  brothers;  the  mothers  were  sisters.  The  mothers  were 
3  months  old  at  the  time  of  mating  and  only  first  litters  were  used.  All 
question  of  loss  at  birth  and  later  and  any  late  prenatal  mortality  was  removed 
by  sexing  the  offspring  at  14  days  after  conception.  At  this  time  the  gonads 
are  clearly  differentiated  by  shape,  size,  position  and  pattern  of  vasculariza- 
tion. The  difference  in  position  of  the  gonads  in  the  two  sexes  can  easily  be 
detected  through  the  body-wall,  but  this  method  of  determining  sex  was 
checked  by  the  dissection  of  each  embryo.  MacDowell's  results  so  far  are 
based  on  more  individuals  than  those  of  any  previous  worker  obtaining  a 
positive  result.  From  treated  fathers,  651  embryos  were  obtained,  giving 
48.1  per  cent  males;  from  control  fathers  575  embryos  give  52.3  per  cent 
males.  A  further  control  is  given  by  the  ratios  obtained  from  embryos  of  like 
ancestry  observed  at  other  ages;  842  embryos  of  which  54.0  per  cent  were 
males.  This  gives  unquestionable  support  to  the  result  obtained  by  the 
method  of  inhalation  and  eliminates  the  difference  in  method  of  treatment  as 
a  possible  explanation  of  the  conflicting  results. 

Sex  in  Relation  to  Prenatal  Mortality 

Parkes  has  shown  that  the  sex  ratio  of  mice  at  birth  and  the  size  of  the  litter 
are  not  correlated  and,  as  stated  in  the  last  annual  report,  it  has  been  found  in 
this  Department  that  the  sex  ratio  at  birth  and  the  number  of  prenatal  mor- 
talities, based  on  the  corpora  lutea,  are  not  correlated.    MacDowell  recently 
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investigated  the  sex  ratios  in  correlation  with  the  percentage  of  degenerates 
actually  found.  Since  the  number  of  degenerates  at  any  age  has  been  shown 
to  be  cumulative,  age  can  be  ignored.  MacDowell's  data  for  this  study  in- 
cludes 168  sexed  embryos  aged  14  to  18  days.  The  average  percentage  of 
males  in  litters  classified  by  the  percentage  of  degenerates  found,  starting 
with  0  per  cent  degenerates  and  proceeding  by  classes  of  5  per  cent  range  up 
to  25  per  cent,  are  as  follows,  the  number  of  litters  being  given  in  parentheses: 
49.1  (81);  52.8  (23);  55.9  (21);  56.7  (13);  48.0  (12);  52.2  (12).  Since  the  sex 
ratios  show  no  tendency  to  change  in  accordance  with  the  increase  of  the 
degenerates  there  is  no  evidence  that  degeneration  has  affected  one  sex  more 
than  the  other. 

When  the  sex  ratios  are  calculated  according  to  the  age  of  the  embryos  the 
following  percentages  of  males  are  found,  the  number  of  embryos  being  placed 
in  parentheses  :  13-14  days,  53.4  (406);  15-17  days,  55.8  (337);  18  days,  51.6 
(248);  19  days,  for  the  most  part  born,  54.1  (257).  These  two  methods  of 
classifying  the  prenatal  sex  ratios  confirm  the  conclusion  previously  reached 
by  MacDowell  that  in  the  mouse  sex  is  not  a  factor  in  prenatal  mortality. 

Chemical  Differences  of  the  Sexes 

Further  studies  of  the  biochemical  differences  in  plants  has  been  carried 
along  two  main  lines  during  the  last  year:  (1)  The  problem  of  the  reducing 
capacity  of  the  plant  extract;  (2)  quantitative  determinations  of  soluble 
sugars  (A)  and  of  fat  (B).  Miss  S.  Satina  and  Dr.  A.  F.  Blakeslee  report  on 
the  results,  as  follows: 

"Tests  with  some  new  races  confirmed  the  results  previously  obtained — 
viz,  that  the  extracts  of  9  plants  and  plus  races  have,  on  the  average,  a 
stronger  reducing  capacity  than  the  <?  plants  and  minus  races.  More  de- 
tailed investigations  with  green  plants  have  shown  the  influence  of  the 
different  stages  of  development  on  this  reaction.  A  preliminary  analysis  of 
the  extract  of  Mucors  shows  that  the  substances  which  are  chiefly  responsible 
for  the  reduction  reaction  belong,  apparently,  to  the  group  of  aromatic  com- 
pounds (tannins,  etc.).     The  reducing  sugars  are  of  secondary  importance. 

"The  quantitative  volumetric  analysis  of  total,  reducing  and  inverted  sugars 
in  Mucors  (66  races)  has  shown  that  the  amount  of  sugars  is  not  high  in 
comparison  with  other  substances.  The  results  obtained  correspond  with  the 
figures  given  by  other  authors  for  higher  fungi.  The  (+)  races  contain,  on 
the  average,  more  total  and  reducing  sugars  than  the  (  — )  races.  In  about 
72  per  cent  of  the  pairs  tested  the  plus  race  showed  the  higher  amount  of 
sugar.  The  differences  in  the  amounts,  however,  are  not  high  (mostly  less 
than  1  per  cent)  and  it  seems  unwise,  at  present,  to  stress  unduly  the  apparent 
connection  with  sexual  differences. 

"Quantitative,  gravimetric  analysis  of  fat  in  66  races  of  Mucors  did  not 
show  any  constant  differences  between  the  sexes.  The  content  of  fat  obviously 
was  in  excess  in  the  minus  races  of  some  species  but  showed  the  reverse  in  the 
races  of  other  species.  Control  tests  also  showed  how  easily  the  amount  of 
fat  can  be  changed  in  the  cultures  of  the  same  race  by  changes  in  various 
external  conditions.  Some  species,  and  even  genera,  seem  to  be  particularly 
sensitive  to  this  factor  (Absidia  species)  and  the  relative  development  of  the 
aerial  and  substratum  growth  determines  the  amount  of  fat;  i.  e.,  cultures 
with  aerial  hyphse  have  given  18  per  cent  of  fat,  while  cultures  from  the  same 
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race  but  showing  only  a  thick  substratum-skin  have  given  over  40  per  cent 
of  fat." 

A  further  study  of  the  chemical  and  metabolic  distinction  of  sex  in  pigeons 
has  been  completed  by  Riddle  and  Miss  Burns.  They  find  that  there  is  less 
fat  in  the  blood  of  the  male  than  of  the  female  pigeon.  Riddle  calls  attention 
to  the  fact  that  this  result  coincides  with  work  earlier  reported  on  fowl's 
blood,  and  probably  with  all  of  the  few  adequate  determinations  thus  far 
made  in  either  higher  or  lower  animals.  It  thus  assists  in  demonstrating  that 
fat  metabolism  is  quantitatively  different  in  males  and  females.  Riddle  also 
maintains  that  we  now  find  this  sex  difference  so  widespread,  and  probably  so 
constant  when  groups  of  individuals  within  the  species  are  measured,  that  it 
is  not  to  be  regarded  as  a  "secondary"  sex  character,  but  as  a  direct  expres- 
sion of  the  metabolic  difference  which  he  identifies  with  primary  sex  difference. 

Manoilov  Reaction  in  Relation  to  Sex 

Miss  Satina  has  continued,  under  Dr.  Blakeslee's  general  direction,  her 
studies  into  the  significance  of  the  Manoilov  reaction  as  an  indicator  of  sex. 

Important  light  was  thrown  upon  the  significance  of  the  Manoilov  reaction 
in  studies  made  by  Riddle  and  Rinehart  on  the  blood  and  tissues  of  pigeons. 
The  results  indicate  that  the  Manoilov  sex  test  is  applicable  to  the  determina- 
tion of  metabolic  level,  in  general,  and  of  sex  only  as  a  special  case  of  this  dif- 
ference in  metabolic  level.  From  individual  pairs  of  pigeons  in  which  re- 
peated tests  were  made  the  sex  was  usually  correctly  indicated  by  the  test  in 
the  ordinary  life  stages,  but  much  more  often  incorrectly  indicated  at  the 
particular  reproductive  stages  in  which  metabolic  change  is  known  or  prob- 
able. The  test  rests  purely  upon  a  quantitative,  not  a  sex  specific  qualitative, 
process,  thus  confirming  results  obtained  by  Alsterberg  and  Hakannson. 
This  fact,  however,  is  necessary  to  and  is  in  conformity  with  Riddle's  associa- 
tion of  the  test  with  metabolic  state  or  level.  The  few,  or  numerous,  failures 
of  the  test  as  a  sex  test  are  explicable  under  the  view  here  developed.  Riddle 
reports  further: 

"The  blood  of  both  male  and  female  pigeons  gives  a  lighter  color  (male 
reaction)  in  active  than  in  inactive  stages  of  the  reproductive  cycle.  Blood 
from  birds  made  to  fly  10  minutes  usually  gives  a  lighter  color  than  samples 
taken  immediately  before  this  period  of  exercise,  but  this  result  is  probably 
influenced  by  blood  lost  for  the  first  sample.  Blood  from  younger  birds  gives 
a  lighter  color  than  is  obtained  from  older  ones.  Aqueous  extracts  of  active 
tissues  (muscle,  ovary,  heart,  gizzard)  usually  yield  a  lighter  color  than  tissues 
presumably  less  active  (liver,  egg-yolk).  The  three  glands  of  the  oviduct  each 
give  lightest  color  when  actively  secreting,  and  progressively  more  color  at 
stages  more  removed  from  active  functioning.  Extracts  of  whole  embryos 
give  lightest  color  when  prepared  from  freshly  killed  embryos;  decidedly 
darker  color  when  obtained  from  embryos  dead  1  to  3  days.  These  results 
reveal  new  precautions  necessary  for  comparisons  made  with  this  test,  and 
provide  further  evidence  that  the  reaction  is  primarily  a  better  indicator  of 
metabolic  rate  than  of  sex." 

Sexual  Differences  in  Prenatal  Growth  and  Death 

Riddle  has  been  led  to  some  general  conclusions  concerning  intrauterine 
fetal  life  and  death  in  relation  to  sex  of  the  embryo.    The  result  of  this  exami- 
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nation  is  applied  to  the  current  conclusion  that  the  mammalian  and  human 
male  is  "inherently  weaker  than  the  female." 

"Male  and  female  fetuses  are  alike  forced  to  undergo  their  development  in 
a  female  environment  provided  by  the  mother.  This  condition,  combined 
with  the  further  probable  fact  that  maleness  (from  the  Y-sperm  stage  to 
adult  life)  has  tendencies,  demands  and  requirements  other  and  greater  than 
those  of  femaleness,  provides  unequal  chances  to  male  and  female  for  un- 
restricted growth  and  health. 

"An  apparently  sex-specific  hormone  (alcohol-soluble;  from  ovary,  pla- 
centa, etc.)  enters  the  fetal  circulation  and  is  responsible  for  a  special  phase  of 
prenatal  growth  in  the  uterus  of  the  female;  in  the  mammae  and  suprarenals 
(and  thyroid?)  of  both  males  and  females;  in  the  prostate  and  Miillerian  duct 
system  of  males.  Adverse  or  antagonistic  effects — edema  and  degeneration  in 
some  cases — have  been  described  in  the  testes,  prostate,  penis  and  epididymis 
of  males. 

"The  serological  studies  in  progress  at  the  Frauenklinik  at  Halle  indicate 
that  the  mother's  blood  reacts  to  the  fetus  as  to  a  foreign  body.  This  'anti- 
testis'  body  probably  enters  the  fetal  blood  and  apparently  induces  a  reaction 
in  the  male  fetus.  The  mother's  blood  does  not  appear  to  react  similarly 
against  a  female  fetus. 

"  The  vitamine  B,  protein  and  metabolic  requirements  in  postnatal  stages  are 
probably  unequal  in  males  and  females,  and  this  difference  is  probably  present 
during  fetal  life.  Since  these  requirements  are  apparently  greater  in  the  male 
this  should  result  in  a  higher  male  death-rate  in  that  fraction  of  mothers  whose 
nutritional  status  is  near  the  border  line. 

"From  the  fact  that  an  abnormally  high  proportion  of  males  is  found 
among  the  prenatal  dead  the  conclusion  is  currently  drawn  by  physicians, 
geneticists  and  others,  that  the  male  is  inherently  and  genetically  the  weaker 
sex.  This  conclusion  can  be  drawn  only  on  the  assumption  that  intrauterine 
environment  is  essentially  equivalent  for  male  and  female.  The  facts  dis- 
cussed here  show  that  such  equivalence  does  not  exist." 

Experiments  in  Sex  Control  on  Moina 

The  studies  on  control  of  sex  ratio  or,  more  strictly,  the  production  of  males, 
in  Moina  macrocopa  which  has  been  so  successfully  developed  by  Banta  in 
collaboration  with  L.  A.  Brown  have  been  continued  during  the  year.  The 
general  principle  seems  established  that  female  production  is  associated  with 
the  normal  rapid  rate  of  development  of  the  mother  and  of  the  ovarian  eggs; 
while  male  production  is  associated  with  a  delayed  rate  of  development  of  the 
mother  and  of  her  ovarian  eggs  at  the  critical  period  of  sex  determination, 
namely  about  four  hours  before  the  eggs  are  laid.  This  principle  applies  to  all 
experimental  results  with  whatever  method  of  treatment.  Crowding  the 
mothers,  low  temperature,  chloretone,  etc.,  are  all  associated  with  a  retarda- 
tion of  development  and  with  male  production.  With  a  given  method  of  treat- 
ment the  amount  of  retardation  and  the  percentage  of  males  resulting  are  fairly 
closely  correlated.  Conversely,  the  means  taken  to  overcome  the  retarding 
effect  of  crowding  and  thus  the  reduction,  or  elimination,  of  male  production 
in  bottles  in  which  it  would,  otherwise,  occur  is  effective  roughly  to  the  extent 
to  which  the  stimulant  accelerates  the  development  of  the  mothers  and  of 
their  eggs  during  the  late  ovarian  stage. 

Two  additional  substances  have  been  found  which,  when  judiciously  applied, 
cause  increased  male  production  in  semi-crowded  bottles  of  Moina  macrocopa. 
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PHENYL  URETHANE  TREATMENT 

Seven  series  of  experiments  were  carried  on  with  phenyl  urethane.  These 
involved  1,450  mothers  and  more  than  13,200  young.  In  three  of  these  series 
there  was  no  effect  on  male  production  (and  no  retardation),  but  in  the  other 
four  series  the  treated  mothers  produced  an  appreciably  higher  precentage  of 
males  than  the  untreated  mothers.  The  total  for  all  seven  experiments  gave 
39.2  per  cent  males  in  the  bottles  treated  with  phenyl  urethane  and  22.3  per 
cent  males  in  the  untreated  controls. 

KCN  TREATMENT 

The  cyanide  treatments  caused  reduction  in  the  rate  of  development  and 
were  associated  with  increased  male  production  in  crowded  bottles.  Four 
earlier  series  treated  with  cyanide  failed  to  show  increased  male  production; 
but  14  of  the  later  16  series  so  treated  showed  increased  male  production  in  the 
treated  bottles.  Some  of  the  treated  mothers  gave  only  a  slightly  increased 
male  production  but  many  of  them  gave  materially  increased  male  produc- 
tion, ranging  from  40  per  cent  to  several  hundred  per  cent  more  than  the 
untreated  mothers. 

GLAND  SUBSTANCES  NOT  SPECIFIC  FOR  MALE  PRODUCTION 

Having  reconfirmed  the  fact  that  treatments  with  extracts  of  adrenal 
cortex  and  thyroid  of  the  ox  accelerated  the  rate  of  development  and  lowered, 
or  eliminated,  male  production  in  crowded  bottles,  Banta  and  Brown  next 
added  thymus  extract  to  the  water  and  found  that  its  effect  was  the  same  as 
that  of  the  adrenal  cortex  and  thyroid.  They  then  tried  extract  of  desiccated 
muscle  of  the  ox  (kindly  prepared  gratis  especially  for  us  by  Carrick  and  Co., 
New  York)  and  found  that  it  was  fully  as  effective  and  as  effective  in  the  same 
sense  as  the  gland  substances  used;  i.  e.  the  rate  of  production  was  accelerated 
and  the  rate  of  male  production  decreased.  From  this  it  is  concluded  that  the 
adrenal  cortex  and  thyroid  gland  extracts  are  not  specific  in  their  action  and 
that  proteins  or  other  organic  substances  found  in  ox  tissue  are  the  effective 
agencies  involved.  Possibly  it  is  mereby  the  food  of  Cladocera  (certainly,  in 
most  of  our  cultures,  largely  bacteria)  which  is  affected.  In  any  case  the 
muscle  tissue  extract  is,  like  the  gland  extracts,  an  effective  agent  in  modify- 
ing rate  of  development  and  male  production,  the  matters  of  concern  in  the 
present  experiments. 

Cytological  Studies  on  Sex-cells  of  Moina 

In  the  last  few  years  Banta  has  worked  out  a  method  of  inducing  the  pro- 
duction of  males  in  parthenogenetic  strains  of  daphnids.  It  is  known  that  by 
the  application  of  certain  agents  that  retard  the  rate  of  development  at  a 
definite  time  before  the  eggs  pass  from  the  ovary  to  the  brood  chamber  a 
large  proportion  of  males  is  produced.  As  this  period  is  near  that  of  the 
probable  maturation  of  the  egg,  it  seemed  desirable  to  ascertain  what  cyto- 
logical changes  are  occurring  at  this  time  and  what  cytological  differences 
there  may  be  between  the  eggs  that  are  to  produce  females  and  those  that  are 
to  produce  males.  Allen  has  devoted  some  months  to  a  cytological  study  of 
Banta's  material  and  has  obtained  the  following  results.  First,  the  large  mass 
of  nucleolar  material  in  the  eggs  of  Moina  macrocopa,  which  stains  like  chro- 
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matin,  is  not  chromatin  but  is  probably  used  as  food.  Second,  the  number  of 
chromosomes  in  M.  macrocopa  is  probably  22.  Considerable  evidence  is  at 
hand  that,  as  predicted,  the  male  somatic  number  is  not  haploid.  The  number 
is  the  same  in  both  parthenogenetic  and  sexual  eggs.  Third,  the  peculiar 
grouping  of  the  chromosomes  during  maturation  makes  it  very  difficult  if  not 
impossible  to  tell  positively  whether  sex  determination  depends  upon  chromo- 
somal dimorphism.  Sex  seems  to  be  determined  in  parthenogenetic  indi- 
viduals during  the  latter  part  of  the  growth  period  of  the  egg  rather  than  at 
the  time  of  maturation.  Fourth,  there  is  no  difference  between  the  partheno- 
genetic and  the  sexual  eggs  at  their  early  stages  of  growth.  In  the  sexual 
egg  the  peculiar  yolk  is  differentiated  at  about  the  time  that  the  process  of 
degeneration  sets  in  with  the  nurse  cells.  The  differentiation  of  the  sexual  egg 
and  the  degeneration  of  the  nurse  cells  are  controlled  by  external  conditions. 

GENETICS  OF  SPECIAL  TRAITS 
Cladocera 

The  observations  of  mutations  occurring  in  parthenogenetic  reproduction, 
referred  to  in  earlier  reports,  have  been  continued.  The  excavated  head 
mutation  is  being  carried  on  with  selection.  The  short  beak  mutation  is  an 
excellent  character  in  that  it  is  expressed  in  every  phaenotype  and  thus  its 
genotypical  presence  is  recognized. 

INHERITANCE  IN  SEXUAL  REPRODUCTION 

Crosses  between  mutant  and  wild-type  stocks  of  Daphnia  longispina  have 
been  continued  by  Banta  and  his  associates.  The  mutations  continue  to 
behave  as  Mendelian  dominants,  heterozygous  always  in  the  parent  stock. 
The  new  developments  show  many  sterile,  nearly  sterile,  and  fertile  but 
physiologically  weak  individuals  which  occur  along  with  normally  vigorous, 
sexual  offspring.  Such  sterility  (complete  or  partial)  is  found  especially 
among  young  from  inbred  lines  which  previously  had  had  a  long  partheno- 
genetic laboratory  history.  The  best  hypothesis  seems  to  be  that  in  the  long 
parthenogenetic  line  lethal  or  sublethal  mutations  had  occurred.  With  segre- 
gation and  recombination  in  sexual  reproduction  these  harmful  mutations 
become  effective,  resulting  in  smaller  hatches  and  many  inferior  offspring  in 
the  sexual  young  from  individuals  derived  from  the  old  parthenogenetic  stock. 
This  hypothesis  finds  support  in  the  fact  that  the  stock  of  the  longest  partheno- 
genetic history,  when  inbred,  has  given  the  poorest  hatches,  lowest  viability 
and  greatest  sterility  among  its  sexual  offspring.  These  defects  in  viability 
and  fecundity  have  become  most  obvious  in  the  later  generations  derived  by 
sexual  reproduction.  Table  1  gives  some  of  the  recent  data,  tabulated  accord- 
ing to  the  number  of  grandparents  derived  from  the  strain  XI  that  were  in 
the  ancestry  of  the  F2  generation  recently  derived  by  sexual  reproduction. 
This  tabulation  may,  at  the  same  time,  be  presumed  to  indicate  the  number  of 
chromosomes  derived  from  the  zygotes  from  the  strain  XI  stock.  The  table 
clearly  suggests  that  there  is  a  distinct  relation  between  the  number  of  grand- 
parents of  the  long  parthenogenetic  strain  XI  (involving  over  360  partheno- 
genetic laboratory  generations)  from  which  these  animals  have  been  derived 
and  the  hatchability  of  the  eggs,  the  viability  of  the  hatched  young  and  their 
fertility.      When  only  1  grandparent  of  strain  XI  is  involved  about  6  per 
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cent  of  the  hatched  young  were  sterile,  including  those  that  died  early;  when 
2  grandparents  of  this  strain  were  involved  the  percentage  of  sterile 
hatched  young  was  approximately  47.  When  3  grandparents  were  involved 
the  percentage  rose  to  about  71  and  when  all  4  grandparents  the  hatchability 
was  almost  nil,  only  one  young — and  a  sterile  one — having  been  hatched. 
These  results  support  the  hypothesis  of  lethal  and  sublethal  mutations. 

Certain  occasionally  great  but  often  slight  physiological  differences  are 
noted  among  the  hatched  sexually  reproduced  young  and  individual  clones 
derived  from  them,  such  as  variations  in  rate  of  development,  in  frequency  of 

Table  1 — Relation  betiveen  number  of  strain  XI  grandparents  and  hatchability  of  sexual  eggs  and  percentage 

of  sterility  in  granddaughters 
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XI  G-parent 
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No. 
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No. 
Hatched 

No. 
Ster- 
ile 

No 
Eggs 

No. 
Hatched 

No. 
Ster- 
ile 

No. 
Eggs 

No. 
Hatched 

No. 
Ster- 
ile 

No. 
Eggs 

No. 
Hatched 

No. 
Ster- 
ile 

G           86 
K          98 

28 
20 

1 

2 

E        255 
FM      86 
GL  ) 
GN  [333 
GR  J 
HN      85 
I          117 
J         516 
L          77 
M         76 

21 
1 

22 

5 
9 

14 

7 
7 

11 
1 

9 

1 
5 
10 
0 
3 

HR    235 
EO       34 

18 
3 

14 
1 

FQ       68 

1 

1 

Totals 

184         48             3 
Per  cent  hatched ...  26 .09 
Per  cent  sterile.  ...    6  .25 

1,545 

86 
5.57 

40 
46.51 

269 

21 

7.81 

15 
71.43 

68 

1 
1.47 

1 
100 

broods,  viability  and  occurrence  of  sterility  among  the  parthenogenetic 
young.  No  such  range  of  physiological  variation  is  found  in  the  partheno- 
genetic line.  The  study  of  the  physiological  differences  between  clones  derived 
by  sexual  reproduction  is  being  continued  by  two  graduate  students  from  the 
University  of  Minnesota,  who,  during  this  summer,  are  temporarily  at  Cold 
Spring  Harbor. 

THERMAL  CLONE 

A  year  ago,  during  a  period  of  hot  weather,  there  was  hatched  from  inbred, 
old  parthenogenetic  stock  a  female  who  produced  several  broods  of  partheno- 
genetic young.  Those  that  hatched  during  a  low  temperature  died;  those 
which  hatched  during  the  hot  weather  survived.  This  led  to  the  hypothesis 
that  the  clone  was  adjusted  to  abnormally  high  temperature.  The  hypothesis 
was  tested  by  keeping  the  mother  and  daughters  at  about  27°  C.  They 
thrived  there.  Further  experiments  show  that  this  clone  is  vigorous  so  long 
as  maintained  at  a  temperature  between  25°  and  30°  C,  but  will  not  survive 
at  the  optimum  temperature  for  the  other  stocks,  about  20°  C.     Ordinarily 
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27°  C.  is  soon  fatal  to  our  Daphnids.  The  new  clone  which  is  adjusted  to  a 
high  temperature  is  much  more  quickly  immobilized  at  a  low  temperature, 
1°  C,  than  the  parent  clone.  The  thermal  clone  is  killed  by  43°  C,  while  the 
parent  stock  succumbs  at  38°.  This  experiment  throws  light  on  the  possible 
origin  of  thermal  races  in  nature.  Instead  of  being  the  product  of  long  accli- 
matization they  may  be  the  result  of  mutations  and  genetic  recombinations 
that  arise  quite  suddenly.  Survival  at  the  high  temperature  might  be  fol- 
lowed by  still  further  mutations,  enabling  the  descendants  to  live  at  still 
higher  temperatures  and  thus  an 'adaptation  to  very  high  temperatures  would 
finally  be  obtained.  Banta's  studies  in  selection  in  parthenogenetic  reproduc- 
tion, of  reactiveness  to  light,  of  sex  intergradedness  and  of  excavated  head 
show  that  a  mutation  in  a  given  direction  may  be  followed  by  further  muta- 
tions in  the  same  direction  and  thus  the  effects  may  be  cumulative. 

INHERITANCE  OF  SHORT  BEAK 

This  character  has  been  involved  in  a  few  of  Banta's  crosses.  In  two  mat- 
ings  between  short-beak  and  wild-type  stock,  3  out  of  7  individuals  have  short 
beak.  From  these  and  other  data,  involving  small  pedigrees,  it  appears  to  be 
another  Mendelian  dominant,  heterozygous  in  the  parent  stock,  so  that  the 
three  mutant  characters  thus  far  studied  are  all  dominants,  heterozygous  in 
the  stocks  in  which  they  first  appeared. 

EXCAVATED  HEAD 

In  crosses  involving  parents  heterozygous  for  excavated  head  by  wild  type, 
32  offspring  bear  the  excavated  head  character  and  35  are  wild-type,  approxi- 
mating the  calculated  1  : 1  ratio.  When  both  parents  are  heterozygous  for 
excavated  head,  then  out  of  30  offspring  19  show  the  excavated  head  char- 
acter and  11  are  of  wild-type.  The  numbers  are  small,  which  probably 
accounts  for  the  failure  to  closely  approach  the  expected  3  :  1  ratio. 

Race  Differences  in  Metabolic  Activity  in  Pigeons 

The  attempt  made  by  Riddle,  during  the  past  six  years,  to  establish  various 
races  characterized  by  large  or  small  endocrine  size  is  being  actively  con- 
tinued. The  result  of  the  work  of  the  present  year  strongly  supports  the  view 
that,  in  addition  to  large  and  small  "thyroid  races"  already  reported,  we  now 
probably  have  some  races  characterized  by  short  and  long  intestines.  The 
short  intestines  are  probably  correlated  with  small  pituitaries  and  the  long 
intestines  with  large  pituitary  glands.  It  appears  also  that  the  intestine  length 
is  shorter  (  —  5  per  cent)  in  males  than  in  females.  In  connection  with  the 
work  of  establishing  races  characterized  by  the  above-named  differences 
data  are  being  accumulated  on  the  hereditary  behavior  in  crosses  of  these 
various  endocrine  races.  The  principal  crosses  for  the  races  of  ring  doves 
characterized  by  extremes  of  thyroid  size  or  intestine  length  have  now  been 
made;  additional  numbers  in  later  generations  should,  however,  be  accumu- 
lated before  conclusions  are  drawn. 

The  study  of  the  basal  metabolism  of  pigeons  that  is  being  conducted  in 
collaboration  with  Dr.  F.  G.  Benedict  and  the  technical  assistance  of  Miss 
Edith  Banta  is  proceeding  favorably.  At  the  outset  it  was  expected  that  three 
years  would  be  necessary  to  settle  the  main  questions  involved,  together  with 
the  answer  to  the  problems  that  would  require  solution  in  work  on  this  untried 
animal.     At  the  present  time  the  technique  of  measurements  has  reached  a 


56  CARNEGIE    INSTITUTION    OF   WASHINGTON 

high  stage  of  development.  Many  usable  data  are  already  at  hand.  It  now 
seems  probable  that  by  the  end  of  the  proposed  three-year  period  adequate 
and  reliable  data  will  have  been  obtained  for  a  demonstration  of  the  metabolic 
status  of  the  two  sexes  in  adult  doves  and  pigeons.  By  that  time  there  will 
have  been  determined,  also,  the  relative  metabolic  status  of  various  races  of 
doves  and  pigeons  characterized  by  high  and  by  low  thyroid  size.  It  is  believed 
that  the  same  will  have  probably  been  accomplished  for  races  of  large  and 
small  pituitary  size ;  and  still  other  results  bearing  on  race,  season,  the  repro- 
ductive cycle  and  other  points  are  confidently  expected.  From  these  studies 
it  has  already  been  definitely  proved  that  in  our  strain  of  "scragglies,"  the 
individuals  of  which  have  an  imperfect  feathering,  the  basal  metabolism  is 
extraordinarily  high.  The  very  desirable  answer  to  the  question  of  possible 
changes  in  basal  metabolism  of  the  female  at  ovulation  will  soon  be  available. 
Riddle,  with  the  assistance  of  Miss  Flemion,  has  undertaken  an  extensive 
investigation  of  the  effect  of  transplanting  the  anterior  lobe  of  the  pituitary 
body  of  the  adult  into  immature  pigeons  of  3  weeks  to  Zyi  months.  More 
than  400  anterior  lobes  have  thus  been  utilized.  10  to  20  transplants  are 
made  into  each  immature  bird.  There  is  little  evidence  of  survival  of  the 
transplants,  though  the  histological  study  of  such  as  have  been  recovered  has 
not  yet  been  made.  It  is  clear  that  favorable  effects  on  growth  of  the  body 
have  not  been  produced,  and  some  evidence  of  unusual  intestinal  stasis  has 
been  found  in  the  treated  birds.  The  effects  of  the  transplantations  on  the 
time  of  sexual  maturity  can  only  be  known  after  the  birds  have  developed 

further. 

Ring  Doves 

A  new  mutation  has  appeared  in  the  ring  dove  that  Dr.  Riddle  is  breeding. 
This  somewhat  resembles  the  ataxia  earlier  reported  in  our  common  pigeons 
but  shows  certain  differences  and  is  provisionally  called  "cephalic  tremor." 
The  condition  is  a  Mendelian  recessive.  It  manifests  any  degree  of  develop- 
ment and,  except  in  extreme  degrees,  does  not  seriously  interfere  with  the 
breeding  of  these  individuals.    This  mutation  has  appeared  in  both  of  our 

"cross  bill"  races. 

The  Thoroughbred  Horse 

The  investigations  into  the  inheritance  of  traits  of  the  thoroughbred  horse 
are  being  continued  by  Laughlin.  Mr.  Walter  J.  Salmon  continues  his  gen- 
erous support  of  this  research.  The  investigation  has  demanded  the  working 
out  of  quantitative  expressions  for  the  traits  and  performance  of  horses. 

QUALITY  OF  PERFORMANCE 

The  principal  advance  of  the  year  has  been  made  in  the  development  of 
standardized  measures  for  qualities  which  heretofore  have  had  to  be  considered 
descriptively,  or  at  best  comparatively,  between  individual  horses.  The 
general  racing  ability  of  a  horse  is  called  its  Biological  Handicap.  Before  the 
present  investigation  was  begun,  the  gage  of  this  quality  depended  upon  the 
general  judgment  of  skilled  persons.  Early  in  this  investigation  a  reference 
system  was  used  which  rates  a  horse  by  comparing  his  performance  in  each  of 
the  best  25  per  cent  of  his  races  with  the  performances  of  horses  that  have 
been  most  carefully  standardized  by  the  method  of  general  judgment.  The 
third  method,  developed  during  the  year,  is  based  upon  the  mathematical 
inter-compensations  of  distance,  weight,  age  and  sex  in  relation  to  speed  and, 
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consequently,  to  racing  ability.  This  provides  a  Biological  Handicap  system 
which  is  based  upon  absolute  rather  than  relative  performance.  As  a  result 
of  analyzing  all  American  speed  records  since  1906,  standards  of  performance 
classified  by  distance,  age,  weight  and  sex  have  been  worked  out.  In  any  given 
race  the  Quality  of  Performance  is  the  standard  absolute  seconds  per  furlong 
for  the  particular  age,  sex,  weight  and  distance  divided  by  the  actual  absolute 
seconds  per  furlong  made  in  the  particular  race.  By  calculating  their  re- 
spective Q.  P.'s,  it  is  thus  possible  to  give  comparative  quantitative  ratings  to 
two  horses  of  different  sex  and  age,  which  carried  different  weights  and  which 
ran  different  distances.  The  practical  tables  for  using  this  system  have  been 
developed  for  colts,  and  similar  tables  are  now  in  process  of  computation  for 
geldings  and  fillies. 

SPECIAL  ABILITIES 

The  development  of  a  method  for  the  computation  of  Quality  of  Perform- 
ance, for  any  complex  of  distance,  weight,  age  and  sex,  has  made  possible,  in 
turn,  the  development  of  quantitative  measures  of  special  abilities  which, 
taken  together,  constitute  racing  ability  in  general.  The  most  important  of 
these  special  abilities  which  Laughlin  has  thus  far  considered  are  named  and 
measured  as  follows : 

Distance-going  ability — This  is  equal  to  the  mean  of  the  products  of  the 
Quality  of  Performance  by  the  Furlongs  Run,  in  that  25  per  cent  of  all  races 
run  by  the  particular  horse  which  give  the  highest  values  for  these  products. 

Weight-carrying  ability — This  is  measured  by  the  mean  of  the  products  of 
Quality  of  Performance  by  Pounds  Carried  in  that  25  per  cent  of  all  races  run 
by  the  particular  horse  which  give  the  highest  values  for  these  products. 

Age-ability,  or  ability  in  relation  to  age — This  considers  both  earliness  of 
development  and  duration  of  years  during  which  the  individual  horse  con- 
tinues to  race  successfully.  In  general,  it  is  found  that  the  best  racing  ability 
(i.  e.,  the  age  of  maximum  ability)  occurs  in  fillies  at  2.5  years  of  age,  in  colts 
at  3.5  years  and  in  geldings  at  5.5  years.  For  earliness  in  coming  to  hand, 
"juvenile  age-ability"  is  equal  to  the  mean  of  the  products  of  Quality  of 
Performance  by  Maximum  Age- Ability  minus  Actual  Age,  in  the  best  25  per 
cent  of  all  races  run  before  the  age  of  maximum  ability.  Similarly,  after  the 
age  of  maximum  ability,  for  the  particular  sex,  "mature  age-ability"  is  equal 
to  the  mean  of  the  products  of  the  Quality  of  Performance  by  Actual  Age 
minus  Age  of  Maximum  Ability,  in  the  best  25  per  cent  of  all  races  run  after  the 
age  of  maximum  ability.  "Best"  means  the  highest  values  for  these  products. 

Mud-running  ability — Because  of  the  absence  of  quantitative  evaluation  of 
track  condition,  the  measurement  of  this  ability  proceeds  slowly.  With  these 
limitations  Laughlin  used  as  a  measure  the  mean  of  that  25  per  cent  of  the 
highest  values  for  the  following  quotients  made  on  heavy,  muddy  and  sloppy 
tracks : 

/         Actual  Q.  P.        \ 
M.  R.  A.  =  ^  Mean  Q  p  for  B  H  J  •*- 

(Mean  Q.P.  for  American  tracks  for  the  particular  conditionA 
Mean  Q.P.  for  American  fast  tracks.  / 

Energy  consumed  in  relation  to  speed — During  the  year  work  has  been  con- 
tinued by  Laughlin  on  an  apparatus  for  measuring  oxygen  consumption  and 
CO2  production  in  the  horse.    Four  different  masks  were  built  and  each  in 
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turn  discarded  for  improvements  in  the  qualities  needed.  A  fairly  satisfactory 
mask  has  been  produced.  Work  is  in  progress  on  an  air  meter  and  air- 
sampling  device  usable  on  a  horse  either  at  rest  or  running.  Acknowledgment 
is  made  of  assistance  from  Dr.  F.  G.  Benedict,  who  has  given  advice  in  this 
matter. 

Human  Genetics 
NEGROES,  WHITES  AND  RACE  MIXTURES  IN  JAMAICA 

Under  a  special  fund  given  by  Colonel  W.  P.  Draper,  a  comparative 
research  is  being  made  into  the  physical  and  mental  traits  of  full-blooded 
negroes,  whites  and  mulattoes  in  the  tropics.  The  work  under  the  fund  was 
organized  by  a  committee  consisting  of  W.  V.  Bingham,  E.  L.  Thorndike, 
Clark  Wissler  and  C.  B.  Davenport.  Morris  Steggerda,  a  graduate  student 
of  the  University  of  Illinois,  was  secured  to  gather  the  data.  After  a  period  of 
training  he,  accompanied  by  Dr.  Davenport,  went  to  the  island  of  Jamaica  in 
September  1926.  With  the  aid  of  the  American  consul,  Mr.  Josede  Olivarez, 
they  were  introduced  to  various  officials  of  the  Government  by  whom  they 
were  hospitably  received.  Mr.  Steggerda  returned  to  the  United  States  in  the 
middle  of  December  and  had  further  consultations  with  the  committee.  He 
returned  to  Jamaica  in  January  and  has  worked  there  continuously  until  the 
time  of  this  report.  It  is  expected  that  he  will  return  to  the  United  States  in 
October  and  superintend  the  tabulation  of  the  results,  which  has  already 
been  begun. 

The  work  consists  of  two  main  parts — the  comparative  physical  and  mental 
measurements  of  150  persons  of  each  sex,  who  are  as  nearly  as  possible  living 
under  the  same  conditions,  of  about  the  same  social  stratum  and  representing 
the  white  race,  full-blooded  negroes  and  hybrids  between  them.  Besides  the 
mental  and  physical  measurements,  several  investigations  into  physiology  are 
being  made,  such  as  oxidation  of  the  blood,  and  blood  grouping  and,  with  the 
assistance  of  Dr.  F.  G.  Benedict  of  the  Nutrition  Laboratory,  a  study  of 
basal  metabolism.  Acknowledgment  will  be  made  in  due  time  of  the  great 
services  afforded  by  numerous  residents  of  the  island.  We  are  especially 
fortunate  in  having  the  collaboration  of  Dr.  B.  E.  Washburn  of  the  Rocke- 
feller Foundation,  who  is  carrying  on  hook-worm  investigations  in  the  island. 
During  the  month  of  June,  Mr.  Steggerda  visited  the  Island  of  Grand  Cayman 
in  order  to  add  to  the  number  of  whites.  He  was  also  able  to  secure  data  on  a 
number  of  white  families  which  have  lived  for  some  generations  at  Seaford- 
town,  Jamaica.  Over  4,700  sheets  of  reports  are  on  file.  Codes  have  been 
drawn  up  and  punch  cards  printed  for  the  sorting  and  tabulation  of  the 
data  obtained. 

A  second  series  of  observations  being  made  by  Mr.  Steggerda  and  which  is 
included  in  the  sheets  enumerated  above  has  to  do  with  the  ontogeny  of 
the  representatives  of  the  negro-white  races  and  the  mulattoes  in  the  island  of 
Jamaica.  Several  hundred  cases  at  the  Lying-in  Hospital  and  children  at  the 
Creche  and  at  the  Mico  Training  School  have  been  studied.  The  result  will 
give  us  a  good  picture  of  the  development  of  the  negro  from  birth  to  maturity. 

In  preparation  for  the  work  of  Mr.  Steggerda  a  set  of  drawings  was  pre- 
pared during  last  summer  by  Richard  H.  Post,  to  be  used  as  a  test  of  capacity 
for  form  discrimination.    This  work  was  done  under  a  grant  made  by  the 
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Eugenics  Research  Association.  The  test  consists  of  about  48  pages  each  of 
paired  circles  and  near  circles,  isosceles  triangles  and  near  isosceles  triangles, 
regular  hexagons  and  near  regulars.  In  taking  the  test  the  subject  has  to 
decide  whether  the  right-hand  figure  in  each  pair  is  the  regular  or  irregular  one. 
The  form-discrimination  test  has  been  applied  by  Miss  Anna  E.  Lawson, 
Principal  of  Public  School  No.  119,  Borough  of  Manhattan,  New  York  City, 
to  a  number  of  colored  children  of  the  sixth  grade  and  also,  through  Miss 
Lawson's  interest,  by  Principal  Nathan  Peyser  of  Public  School  No.  181, 
Borough  of  Brooklyn,  to  an  equal  number  of  white  children  of  the  same  grade. 
It  appears  that  the  colored  children  of  the  sixth  grade  are  about  one  year  older 
than  the  white  children  of  the  same  grade.  Without  making  any  allowance 
for  difference  in  age,  and  using  only  an  unweighted  test,  it  appears  that  the 
colored  children  have  possibly  done  slightly  better  in  discrimination  in  form 
than  the  white  children.  A  more  detailed  analysis  of  these  results  will  be 
shortly  published. 

HEREDITY  IN  ARISTOGENIC  FAMILIES 

Dr.  Banker  has  completed  the  preliminary  work  essential  to  an  interpreta- 
tion of  school  records  for  a  study  of  heredity.  He  has  demonstrated  that  the 
commonly  accepted  notion  that  teachers'  marks  should  be  distributed  in  con- 
formity with  the  normal  probability  curve  is  incorrect.  In  theory,  as  in  prac- 
tise, their  distribution  is  normally  that  of  a  curve  skewed  more  or  less  to  the 
high  end  of  the  scale;  that  is,  with  the  mode  above  the  mean.  This  is  a  con- 
clusion reached  in  a  paper  published  in  the  Journal  of  the  American  Statistical 
Association. 

Out  of  the  work  has  developed  the  more  important  result  for  the  studies  in 
heredity,  that  of  finding  a  formula  for  an  index  of  ability  which  may  be  com- 
puted from  the  conventional  school  records  of  student  achievements.  The 
formula,  which  has  been  derived  as  a  result  of  laborious  work  over  voluminous 
data,  is  written  as  follows: 

SAI=_Mk  x     MGA 


CA  GMk 

In  this  formula  SAI  indicates  any  student's  ability  index;  Mk  is  average 
mark;  CA  is  chronological  age;  MGA  the  mental  grade-age,  i.  e.,  the  average 
mental  age  of  the  grade  in  which  his  work  is  done;  GMk,  average  grade-mark. 
Under  given  conditions  the  second  term  may  be  tabulated  as  a  constant.  It 
appears  that  the  index  obtained,  as  above,  compares  favorably  with  intelli- 
gence quotients  derived  from  standard  group  tests,  which  are  accepted  by 
educators  as  having  a  high  degree  of  working  efficiency.  It  has  not  been  found 
practicable  to  compare  the  SAI  with  IQ's  derived  from  Binet-Simon  tests. 
It  is  hoped  that  this  deficiency  will  be  made  good. 

INFLUENCE  OF  HEREDITARY  QUALITIES  IN  THE  POPULATION  OF  THE  HEAD-WATERS  OF 

THE  KENTUCKY  RIVER 

The  researches  of  Dr.  Estabrook  in  the  Southern  Appalachians  are  ap- 
proaching an  end.  He  finds  that  the  expected  stability  of  the  population  since 
the  settlement  of  the  valley,  over  one-hundred  years  ago,  has  actually  not  been 
realized.  The  environment  has  changed  and  migrations  have  taken  place 
under  the  pressure  of  biological  laws  and  under  the  lure  of  economic  conditions. 
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One  hundred  and  fifty  years  ago  the  Southern  Appalachian  area  was  heavily 
wooded,  mostly  with  hard  wood,  and  was  populated  only  with  roving  In- 
dians. About  the  year  1750  and  for  the  succeeding  years  there  was  a  move- 
ment of  population  westward  into  this  wilderness.  The  fact  of  their  migra- 
tion indicates  unusual  energy  and  sturdiness  in  the  migrants.  The  population 
was  predominantly  English,  Scotch,  Irish  with  many  Germans  and  some 
French  Huguenots.  With  the  opening  up,  in  the  early  part  of  the  last  cen- 
tury, of  new  and  more  easily  traveled  roads  to  the  West,  the  immigration  into 
this  country  largely  ceased,  until  the  very  recent  development  of  coal  mining 
and  timbering  which  have  accompanied  the  building  of  railroads  into  the 
mountains.  The  isolation  of  the  region  for  four  to  six  generations  has  resulted 
in  much  inbreeding. 

"The  study  of  this  problem  has  shown  that  there  is  great  variation  in  the 
topographic  features  of  this  area:  that  certain  topographic  factors,  some 
natural  and  others  caused  by  man's  activities,  have  controlled  the  economic 
conditions  in  the  different  regions  of  the  area  and  that  both  topographic  and 
resulting  economic  conditions  have  determined  the  type  of  people  living  in 
the  various  smaller  sections  by  a  definite  process  of  selection  in  which  the  less 
energetic  and  intelligent  individuals  are  forced  into  the  regions  with  the  poorer 
economic  development,  and  those  with  more  intelligence  and  activity  gradu- 
ally are  moved  into  the  situations  and  areas  with  better  economic  advantages 
or  out  of  the  mountain  section  into  other  parts  of  the  country.  The  environ- 
ment, then,  has  its  main  effect  in  the  selection  of  the  different  types  fitted  for 
that  particular  environment,  and  the  individuals  react  to  these  factors  of  the 
environment  according  to  their  hereditary  characteristics  and  capacities  for 
response  to  the  particular  situations  that  are  presented  by  these  various 
environments." 

With  the  opening  up  of  economically  better  opportunities  in  the  West,  a 
movement  of  population  began  again  which  took  people  from  the  Southern 
Appalachian  area  to  the  westward,  especially  to  the  Ozark  Mountains,  and 
later  some  to  Oregon.  At  the  time  of  the  Civil  War  many  families,  particularly 
advocates  of  slavery,  left  the  mountains  and  went  to  Texas.  In  1900  there 
were  208  children  in  attendance  at  a  rural  county  school  of  eastern  Kentucky. 
At  the  present  time  85  of  these  are  in  the  rural  local  area  where  they  were 
born;  12  are  in  other  rural  mountain  areas  near  by;  21  are  working  in  coal 
mines  near  the  railroad  in  nearby  counties;  14  are  living  in  urban  industrial 
areas  and  adjacent  counties  and  7  are  in  urban,  non-industrial  areas  in  the 
mountains;  23  have  left  the  mountains  and  some  of  these  are  in  other  states; 
4  died  soon  after  leaving  school  and  42  can  not  be  accounted  for  but  are  not 
living  today  in  the  region.  In  the  last  10  years  hundreds  of  families  have  left 
the  whole  mountain  area  to  enter  industry,  either  into  automobile  factories  or 
cotton  mills. 

Family  histories  have  been  made  in  a  number  of  different  sections  in  the 
Southern  Appalachians  and  extensive  mental  tests  have  been  made  in  the 
schools.    The  mental  tests  show  that — 

"the  lower  the  economic  level  of  an  area  the  lower  are  the  scores  in  the  mental 
tests  given  in  the  schools  and  the  lower  the  general  intellectual  level  of  the 
families  within  that  area.  The  studies  also  indicate  that  families  with  better 
intelligence  are  found  in  the  areas  with  the  better  economic  advantages.    The 
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data  also  indicate  that,  in  general,  it  has  been  the  more  energetic  and  intelli- 
gent men  and  women  who  have  left  the  southern  mountains  for  other  regions." 

In  the  earlier  days,  one  family,  as  a  rule,  settled  along  one  creek.  The 
progeny  remained  near  by.  If  the  area  was  isolated  the  people  seldom  went 
far  from  home  and  propinquity  was  the  deciding  factor  in  matings  which 
were  then,  necessarily,  consanguineous.  A  higher  rate  of  cousin  matings  is 
found  in  more  isolated  regions  than  in  those  where  more  exchange  of  popula- 
tion has  taken  place.  A  number  of  first  cousin  matings  are  found  in  the  more 
favored  sections  where  the  general  intelligence  is  higher. 

While  there  is  much  crime,  particularly  man-killing,  in  the  mountains,  no 
particularly  criminal  families  have  been  found. 

HEREDITY  OF  GOITER 

In  collaboration  with  the  Playground  Athletic  League  and  with  the  assist- 
ance of  Mrs.  Grist,  a  study  has  been  made  by  Davenport  of  the  conditions 
under  which  goiter  has  arisen  in  104  families  of  Maryland.  A  special  study 
is  being  made  of  the  genetical  factor  involved.  As  is  well  known,  goiter  affects 
particularly  the  female.  When  both  father  and  mother  are  goiterous  all  of 
the  daughters  (5)  who  have  reached  the  age  of  14  years  are  goiterous.  In 
another  case  where  the  father  is  alone  goiterous,  though  the  mother  has 
goiterous  relatives,  the  daughters  (2)  are  both  goiterous.  Where  the  father 
alone  is  goiterous,  and  there  is  no  goiter  on  the  mother's  side,  the  daughters 
(3)  are  all  goiterous.  When  the  mother  alone  is  goiterous,  but  the  father  has 
goiterous  relatives,  then  about  90  per  cent  of  the  grown  daughters  are 
goiterous  (40  cases).  Even  when  the  mother  is  affected  and  there  is  no 
evidence  of  goiter  on  the  father's  side  the  proportion  of  grown  daughters  who 
are  goiterous  is  about  80  per  cent.  On  the  other  hand,  where  neither  father 
nor  mother  is  goiterous  the  proportion  of  affected  grown  daughters  is  reduced 
to  60  per  cent  or  less,  even  in  these  families  which  were  selected  because  of  a 
goiterous  propositus. 

HEREDITY  IN  ATHLETES 

At  the  suggestion  of  the  Carnegie  Foundation  for  the  Advancement  of 
Teaching,  especially  its  committee  on  athletics,  directed  by  Dr.  Howard  J. 
Savage,  and  with  the  aid  of  an  appropriation  from  it,  we  have  undertaken  a 
study  of  the  hereditary  factors  involved  in  success  in  athletics.  Richard  H. 
Post  undertook  the  task  of  collecting  the  requisite  data  and  has  begun  an 
analysis  of  them.  Correspondence  was  had  with  several  hundred  athletes  and 
more  or  less  satisfactory  data  obtained  on  about  40.  Much  time  has  been 
required  for  an  analysis  of  methods  of  grading  success  in  athletic  performance. 

Genetic  Constitution  op  the  American  Population 

The  study  on  "Economic-Population  Conditions"  by  Laughlin,  mentioned 
in  last  year's  report,  has  been  completed.  The  survey  which  he  began  of 
deportable  aliens  in  custodial  institutions  has  also  been  finished  during  the 
year.  A  third  research  on  "  Inventiveness  in  Relation  to  Racial  Descent "  has 
been  started.  This  study  has  for  its  purpose  the  determination  of  the  Old 
World  racial  descent  of  the  persons  who  were  granted  the  10,440  patents  issued 
by  the  United  States  for  the  three  months  ending  March  31,  1927.    This  is  a 
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work  in  which  the  Eugenics  Record  Office,  the  Committee  on  Immigration 
and  Naturalization  of  the  House  of  Representatives  and  the  Patent  Office  are 
collaborating.  As  earlier  studies  sought  to  measure  racial  quotas  for  various 
socially  undesirable  traits,  the  study  of  those  who  were  granted  patents  seeks 
a  comparative  measure,  by  racial  origins,  of  the  socially  desirable  trait  of 
inventiveness. 

ADMINISTRATIVE  RECORD 

The  combined  libraries  of  the  two  sections  of  this  Department  comprise 
12,050  bound  books  and  numerous  catalogued  pamphlets.  On  June  30, 
1927,  the  books  in  the  archives  of  the  Eugenics  Record  Office  amounted  to 
1,838;  field  reports  to  about  68,000  sheets,  special  trait  files,  A  &  S,  29,710; 
Records  of  Family  Traits,  10,580.  We  have  also  received  over  2,000  sheets 
of  various  special  schedules  and  1,317  pages  from  the  "Fitter  Families" 
studies.  The  index  cards  now  amount  to  1,267,000.  Some  37  schools  and 
colleges,  organizations  and  individuals  collaborated  by  sending  in  Family 
Records  and  other  data. 


GEOPHYSICAL  LABORATORY1 

Arthur  L.  Day,  Director 
HISTORICAL 

In  presenting  the  Annual  Report  of  progress  of  the  Geophysical  Laboratory 
for  the  year  ending  June  30,  1927,  we  may  not  overlook  the  fact  that  work 
was  begun  in  this  Laboratory  on  June  7,  1907,  a  few  days  more  than  twenty 
years  ago.  There  is  hardly  room  in  a  brief  annual  report  for  an  account  of 
our  stewardship  during  the  twenty  years,  but  there  is  both  pleasure  and  profit 
in  occasionally  recalling  portions  of  the  text  from  which  we  set  out,  and  there- 
by establishing  the  continuity  of  our  direction  of  progress.  Geophysics  was 
one  of  the  first  projects  suggested  to  the  Carnegie  Institution  of  Washington 
as  a  field  of  investigation.  Modern  quantitative  physics  and  chemistry  were 
needed  for  the  competent  study  of  nearly  all  the  problems  of  Earth  formation 
and  crustal  movement. 

At  the  time  of  its  foundation  the  Institution  was  singularly  fortunate  in 
securing  the  advice  of  the  most  distinguished  American  geologists  and  physi- 
cists, as  well  as  a  number  of  equally  distinguished  foreigners,  in  the  considera- 
tion of  the  problem  of  providing  for  the  study  of  geophysics.  For  nearly  four 
years  this  problem  was  scrutinized  from  many  viewpoints  before  the  final 
plan  was  formulated  and  substantial  agreement  was  reached  among  those 
whose  counsel  was  sought  in  visualizing  the  general  direction  which  such 
research  should  take  and  the  manner  of  its  pursuit. 

The  first  Year  Book  of  the  Institution  (1902)  contains  a  report  from  the  first 
advisory  committee  on  geophysics,  consisting  of  the  late  Dr.  R.  S.  Woodward 
(Chairman),  later  President  of  the  Carnegie  Institution  for  a  period  of  sixteen 
years;  Professor  Carl  Barus  of  Brown  University,  pioneer  in  American  high- 
temperature  research;  Professor  T.  C.  Chamberlin,  now  certainly  the  dean 
among  American  geologists;  Professor  A.  A.  Michelson,  master  of  physical 
research  of  high  precision;  the  late  Professor  Charles  R.  Van  Hise,  foremost 
student  of  metamorphism  in  contemporary  geology;  and  the  late  Dr.  Charles 
D.  Walcott,  then  Director  of  the  U.  S.  Geological  Survey.  No  more  dis- 
tinguished group  of  men  could  have  been  found  to  advise  the  newly  founded 
institution  regarding  the  general  advisability  of  such  research  or  the  detailed 
plans  for  studies  in  geophysics  at  that  time.  Although  their  report  was  written 
more  than  twenty-five  years  ago  we  may  still  review  with  profit  the  mature 
deliberations  of  such  a  group  of  men: 

"The  crust  of  the  lithosphere  has  thus  far  been  the  chief  field  of  geology 
in  the  narrower  sense,  since  it  contains  the  rock  record  of  the  earth's  past,  and 
geological  studies  have  been  directed  chiefly  to  reading  and  mapping  this 
record,  but  the  record  needs  to  be  interpreted  on  broader  and  deeper  lines 
based  on  a  profounder  knowledge  of  physical  laws.  To  this  end  the  data  of 
geology  need  to  be  correlated  and  unified  under  these  laws  on  an  experi- 
mental basis.  .  . 

"Some  of  the  salient  problems  of  the  outer  lithosphere  are  the  origin  and 
maintenance  of  the  continental  platforms  .  .  .  and  a  whole  group  of  intricate 
questions  of  a  chemical  and  chemico-physical  nature,  including  the  flow  of 
rocks,  the  destruction  and  genesis  of  minerals,  the  functions  of  included  water 

1  Situated  in  Washington,  District  of  Columbia. 
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and  gases,  the  internal  transfer  of  material,  the  origin  of  ore  deposits,  the 
evolution  and  absorption  of  heat,  and  other  phenomena  that  involved  the 
effects  of  temperature,  pressure,  tension  and  resultant  distortion  upon  chemical 
changes  and  mineralogical  aggregations. 

"These  questions  of  the  earth's  outer  part  are  inseparably  bound  up  with 
those  of  the  interior,  and  here  the  problems  involve  the  most  extreme  and  the 
least  known  conditions  and  make  their  strongest  demand  for  experimental 
light.  The  themes  here  are  the  kinds  and  distribution  of  the  lithic  and  metal- 
lic materials  in  the  deep  interior;  the  states  of  matter;  the  distribution  of  mass 
and  of  density,  and  the  consequent  distribution  of  pressure;  the  origin  and 
distribution  of  heat;  .  .  .  the  secular  redistribution  of  heat  within  the  earth 
and  its  loss  from  the  surface;  the  possible  relations  of  redistribution  of  internal 
heat  to  vulcanism  and  to  deformation  and  similar  profound  problems. 

"A  series  of  specific  laboratory  questions  arise  from  these,  e.g.,  the  effect 
of  pressure  on  the  melting  point  of  rocks  carried  to  as  high  temperatures  and 
pressures  and  through  as  wide  range  of  materials  as  possible,  to  develop  the 
laws  of  constancy  or  of  variation;  the  effect  of  temperature  and  pressure  on 
thermal  conductivity  as  indicated  above,  and  on  elasticity,  especially  as 
involved  in  the  transmission  of  seismic  tremors  ..." 

These  were  comprehensive  plans  and  yet  plainly  they  represented  the  serious 
conclusions  of  experienced  men  giving  voice  to  an  overwhelming  need  in  the 
field  of  geology  at  that  time. 

During  the  following  year,  after  this  plan  had  been  printed  and  offered  to 
the  scientific  public  for  general  consideration,  it  was  determined  to  go  still 
deeper  into  the  details  of  this  project,  and  Dr.  Van  Hise  was  commissioned  to 
go  abroad  to  make  a  further  and  more  detailed  study  of  the  possibility  of 
attacking  these  problems  from  the  viewpoint  of  modern  quantitative  research. 
In  his  report,  which  is  printed  in  full  in  Year  Book  No.  2  of  the  Institution 
(1903),  the  following  carefully  considered  projects  are  especially  recommended: 

"The  Relations  of  Liquid  and  Solid  Rocks — A  line  of  work  along  which 
many  geologists  are  asking  for  information  is  that  concerning  the  relations  of 
liquid  and  solid  rocks.  They  want  to  know  the  melting  points  of  rocks,  the 
temperatures  at  which  rocks  crystallize  from  magma,  the  relative  specific 
gravities  of  melted  and  crystallized  rocks,  the  effects  of  slow  cooling  upon  the 
crystallization  of  rocks  with  and  without  pressure,  the  solution  of  one  kind 
of  rock  in  another,  and,  in  short,  all  the  phenomena  which  concern  the  trans- 
formation of  magma  to  crystallized  rock  and  of  crj-stallized  rock  to  magma. 
Upon  these  various  points  almost  no  information  is  available,  and  yet  reliable 
knowledge  in  reference  to  them  is  necessary  before  the  phenomena  of  vulcan- 
ism can  be  put  upon  a  scientific  basis.  Experiments  in  laboratories  on  a  small 
scale  show  that  this  work  can  be  done.  Rut  the  work  has  never  been  done 
upon  an  adequate  scale,  nor  is  there  any  probability  that  it  will  be  done  upon 
an  adequate  scale,  so  that  the  results  can  be  applied  to  the  history  of  the 
earth,  until  a  well-equipped  geophysical  laboratory  is  constructed  with  suffi- 
cient funds  to  operate  on  a  large  scale.  .  .  . 

"Minerals  and  Rocks  from  Aqueous  Solutions — Another  class  of  investiga- 
tions is  the  artificial  production  of  minerals  and  rocks  from  aqueous  solutions. 
This  involves  a  study  of  natural  solutions,  both  those  of  the  sea  and  those  in 
openings  in  rocks,  in  order  to  determine  the  conditions  under  which  minerals 
crystallize  from  such  solutions.  Already  the  study  of  natural  solutions  with 
reference  to  the  crystallization  of  salt  and  gypsum  has  been  undertaken  by 
Van't  Hoff.     This  great  chemist  has  reached  many  important  results,  but  he 
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points  out  that  very  much  remains  to  be  done,  and  especially  recommends 
this  line  of  study  to  be  taken  up  on  an  adequate  scale  in  a  geophysical  labora- 
tory. Experiments  should  be  carried  on  with  aqueous  solutions  under  various 
pressures  and  at  various  temperatures.  The  higher  temperatures  should 
approach  those  of  magmas,  in  order  that  the  relations  of  crystallization  from 
magmas  and  crystallization  from  water  may  be  learned.  ...  It  is  certain 
that  the  conditions  under  which  many  of  the  minerals  are  produced  in  nature 
from  water  solutions  can  be  produced  in  the  laboratory.  Only  when  this  is 
done  shall  we  have  an  adequate  basis  upon  which  to  judge  of  the  kinds  of 
minerals  that  are  produced  in  nature  from  aqueous  solutions  and  their  manner 
of  formation.  .  .  . 

"There  is  unanimity  of  opinion  among  geologists  that  experimental  studies 
on  underground  solutions  and  the  artificial  reproduction  of  the  natural 
minerals  will  lead  to  correct  theories  of  ore  deposition  and  also  give  results  of 
practical  value,  the  magnitude  of  which  can  not  now  be  estimated." 

Even  then  the  officers  in  charge  of  the  plans  of  the  Institution  proceeded 
cautiously.  It  was  determined  to  make  an  actual  test  of  the  practicability  of 
experimental  solution  of  some  of  the  problems  suggested,  and  the  sum  of 
$25,000  was  appropriated  in  1904  to  test  two  of  these:  (1)  The  physical  and 
chemical  relations  of  the  feldspars ;  (2)  an  analysis  of  the  strain  relations  in  the 
flow  and  rupture  of  rocks.  In  1906  these  two  laboratory  investigations,  which 
were  carried  out  in  the  U.  S.  Geological  Survey,  had  so  far  proved  successful 
that  it  was  determined  to  erect  a  special  laboratory  equipped  for  the  study  of 
geophysical  relations  in  a  broad  way.  Thus  the  present  Geophysical  Labora- 
tory came  to  be  built  in  1906  and  occupied  on  June  7,  1907.  Of  the  progress 
of  the  studies  in  the  new  laboratory  the  published  papers  now  numbering 
something  over  600  offer  the  most  direct  and  tangible  evidence. 

It  is  needless  to  say  that  there  were  difficulties,  some  of  them  quite  funda- 
mental, standing  in  the  way  of  the  precise  determination  of  the  conditions  of 
individual  mineral  and  rock  formation.  For  example,  there  was  at  that  time 
no  trustworthy  scale  of  temperatures  available  in  the  region  where  mineral 
formation  commonly  occurs.  Almost  the  first  research  problem  therefore  was 
to  determine  the  absolute  scale  of  temperatures  in  this  domain.  Then  it  trans- 
pired that  silicate  solutions  are  so  inert  and  the  crystalline  minerals  so  slow  in 
forming  that  long  periods  of  time  (weeks  or  months)  are  necessary  to  secure 
crystals  appropriate  for  study,  and  even  when  obtained  they  were  often  so 
small  that  the  ordinary  methods  of  identification  failed.  Thus  a  wholly  new 
system  of  criteria  required  to  be  developed  in  order  to  identify  satisfactorily 
the  minerals  forming  in  small  laboratory  crucibles. 

Again  we  were  confronted  by  the  fact  that  all  mineral  types  found  in  nature 
and  described  in  the  handbooks  contained  several  per  cent  of  diverse  im- 
purities which  affected  their  characteristics  and  definition  very  unsatisfac- 
torily. New  measurements  and  definitions  were  needed  with  every  new 
specimen  which  appeared  better  than  the  old.  It  therefore  became  necessary 
in  order  to  secure  permanent  types,  definite  properties  and  reproducible 
results,  to  use  chemically  pure  minerals  prepared  in  the  laboratory.  In  this 
way  alone  was  permanent  progress  made  possible. 

Having  progressed  through  these  limitations  to  a  permanent  basis  of 
procedure,  the  chief  rock-forming  minerals  were  studied  individually  and  in 
combinations  of  two,  three  or  more,  until  their  stability,  properties  and  rela- 
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tions  were  definitely  established  throughout  the  temperature  range  in  which 
formation  or  modification  occurs. 

Although  this  program  has  proved  to  be  sound  and  has  been  successfully- 
followed,  it  does  not  yet  yield  exactly  the  conditions  of  formation  of  the 
igneous  rocks,  for  we  know,  also  from  laboratory  experience,  that  all  igneous 
rocks  contain  volcanic  gases — volatile  ingredients  such  as  water,  carbon 
dioxide,  sulphur  compounds  and  halogens,  which  are  now  known  to  influence 
these  conditions  of  formation  radically  and  vitally.  Indeed  these  volatile 
ingredients  are  chemically  the  most  active  components  associated  with  the 
formation  process.  To  accomplish  this  further  step  of  determining  precisely 
the  role  of  the  volatile  ingredients  in  rock  formation  involves  placing  the 
whole  process  under  such  pressure  as  to  hold  the  volatile  ingredients  confined 
throughout  the  operations  studied.  These  pressures  may  be  very  high  and 
the  pressure  technic  is  therefore  certain  to  be  enormously  more  difficult  than 
ordinary  laboratory  procedure  at  extreme  temperature  under  atmospheric 
pressure  alone.  In  terms  of  engineering  practice  this  means  gas-tight 
bombs  within  which  the  appropriate  temperature  and  pressure,  high  or  low, 
may  be  held  constant  at  any  point  through  an  enormous  range  in  order  that 
the  proportions  of  the  components  participating  in  the  formation  process 
may  not  be  variable  during  its  operation. 

The  preliminary  technical  experience  leading  in  this  direction  has  been 
successfully  attained,  but  the  determination  of  the  major  mineral  relations 
with  appropriate  volatile  ingredients  present  still  remains  one  of  the  foremost 
problems  confronting  us.  It  is  also  the  first  occasion  in  the  course  of  our 
progress  where  the  available  laboratory  equipment  is  not  adequate  for  con- 
tinuing the  work  on  an  appropriate  scale.  It  is  easily  possible  to  carry  out 
simultaneous  experiments  in  a  considerable  number  of  open  crucibles.  It  is 
a  problem  of  quite  another  order  of  magnitude  to  provide  strictly  gas-tight 
bombs  for  a  like  number  of  studies,  or  presses  through  which  to  raise  the 
pressure  to  the  desired  point.     It  is  a  situation  for  which  no  immediate 

remedy  is  available. 

AQUEO-IGNEOUS  FUSION 

Notwithstanding  this  embarrassing  situation,  active  preparations  are  now 
being  made  to  advance  the  study  of  aqueous  solutions  of  the  rock-forming 
minerals  under  temperature  and  pressure  conditions,  well  described  by  the 
expression  "aqueo-igneous  fusion."  The  work  already  done  has  demon- 
strated the  practicability  of  studying  water  solutions  of  rock  components  at 
temperatures  well  above  a  red  heat,  despite  the  great  pressure  developed  by 
the  water  under  such  conditions,  and  of  crystallizing  or  dissolving  silicate 
minerals  at  will  by  appropriate  change  in  the  experimental  conditions  (tem- 
perature, pressure,  time).  Out  of  this  work  has  already  come  the  first  theory 
of  the  mechanism  of  volcanic  action  based  on  the  application  of  the  laws  of 
chemistry  to  the  cooling  magma. 

The  proposed  extension  of  this  work  leads  into  many  interesting  geological 
problems.  It  is  expected  that  a  close  approach  can  be  made  to  the  realiza- 
tion of  the  actual  conditions  of  vein  and  pegmatite  formation.  When  a 
cooling  magma  reaches  the  stage  of  vein  formation  most  of  the  basic  minerals 
have  been  deposited  and  the  residual  magma  contains  a  large  proportion  of 
volatile  components,  chiefly  water,  together  with  quantities  of  quartz  and 
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feldspar,  and  smaller  amounts  of  accessory  minerals.  Toward  the  close  of 
the  period  of  pegmatite  formation  still  larger  quantities  of  water  and  accessory 
materials  have  accumulated,  and,  depending  on  the  nature  of  these  materials, 
further  cooling  results  in  the  formation  of  rare  minerals  or  ore  deposits,  such, 
for  example,  as  the  tin  deposits.  More  knowledge  of  this  important  stage  of 
the  crystallization  of  a  magma  is  of  the  first  importance,  both  to  petrology 
and  to  economic  geology. 

In  order  that  our  knowledge  of  this  important  stage  may  be  complete,  it  is 
essential  that  something  more  be  known  about  the  "equation  of  state"  of  water. 
At  present  we  can  only  make  use  of  the  gas  laws  or  empirical  equations  of 
state,  in  conditions  where  they  are  already  known  to  be  valueless.  The  results 
of  such  speculation  are  of  little  value.  More  accurate  knowledge  still  is 
necessary  before  the  pressure-temperature-composition  relations  in  mineral 
solutions  can  be  completely  understood  and  this  knowledge  is  of  special  value 
in  the  theory  of  volcanic  eruptions.  It  is  planned  to  obtain  such  information, 
with  special  reference  to  its  important  geological  applications. 

THE  PROPERTIES  OF  SILICA 

Now  that  the  chemist  and  the  physicist  again  are  meeting  on  common 
ground  in  their  study  of  the  constitution  of  the  atom,  the  relations  of  the 
physical  properties  of  a  substance  to  its  ultimate  structure  provide  material 
of  very  widespread  interest.  The  broader  the  range  of  properties  studied, 
the  more  general  the  conclusions  that  can  be  reached  concerning  these  rela- 
tions; but  in  order  to  be  comparable  the  properties  must  all  be  measured  upon 
a  pure  substance  or  a  strictly  reproducible  material,  else  chance  variations  of 
chemical  composition  will  obscure  the  picture. 

There  are  few  reproducible  materials  upon  which  measurements  have  been 
made  in  greater  variety  than  upon  silica,  SiC>2,  especially  the  crystalline 
modification  of  silica  known  as  quartz.  Only  water,  air,  mercury  and  a  few 
of  the  nobler  metals  are  comparable  with  it  in  this  respect. 

The  resulting  importance  of  silica  to  physico-chemical  science  is  paralleled 
by  its  dominating  position  in  geochemistry  and  geophysics,  because  it  far  out- 
ranks all  other  oxides  in  the  percentage  composition  of  the  Earth's  crust, 
both  in  its  pure  form  and  in  combination  with  other  less  abundant  oxides 
in  the  form  of  the  silicate  minerals.  It  has  therefore  always  been  a  subject 
of  lively  interest  to  the  Geophysical  Laboratory. 

The  properties  of  silica  offer  several  special  features  which  make  this 
substance  particularly  well  adapted  to  serve  as  a  type  substance  for  matter  in 
the  solid,  non-conducting  state.     Some  of  these  features  are: 

(1)  It  exemplifies,  better  than  any  other  substance,  the  contrast  in  proper- 
ties between  the  crystalline  state  (quartz)  and  the  glassy  state  (vitreous 
silica,  "quartz  glass"). 

(2)  It  occurs  in  three  different  crystalline  modifications  (quartz,  tridymite, 
cristobalite),  which  exemplify  very  different  classes  of  symmetry,  and  which 
are  so  slowly  transformable  one  into  another  that  they  can  all  be  studied 
through  a  wide  range  of  temperatures  and  pressures. 

(3)  Each  of  the  three  crystalline  modifications  exhibits  polymorphism  of 
a  reversible  type,  the  inversions  occurring  promptly  as  the  temperature  rises 
or  falls  past  the  inversion-point. 
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(4)  Cristobalite  furnishes  the  best-known  example  of  a  reversible  poly- 
morphous inversion  whose  temperature  depends  upon  the  previous  history 
of  the  crystal. 

(5)  In  addition  to  its  mega-crystalline  forms,  silica  can  be  obtained  in  a 
variety  of  micro-crystalline  modifications,  which  make  possible  the  com- 
parison of  properties  between  a  large  well-formed  crystal  and  a  crystalline 
unit  whose  dimensions  may  count  only  a  few  score  or  a  few  hundred  atoms. 

(6)  Besides  occurring  in  mega-crystalline  and  micro-crystalline  modifica- 
tions, silica  is  capable  of  forming  with  pure  water  a  series  of  so-called  colloidal 
solutions  which  range  all  the  way  from  a  mobile  liquid,  through  an  elastic 
jelly,  to  a  hard  hydrous  glass  (opal). 

Quite  accidental  circumstances — accessibility,  abundance,  ease  of  working, 
and  the  like — have  brought  about  the  gradual  accumulation  of  an  immense 
amount  of  data  on  the  properties  of  silica.  Whatever  its  origin,  this  body  of 
material  lies  ready  for  use,  and  in  a  new  way;  for  physics  can  not  continue 
to  be  a  study  of  abstract  properties  without  reference  to  the  chemical  com- 
position of  concrete  matter,  nor  can  chemistry  concern  itself  solely  with  the 
transformations  of  matter  without  regard  to  the  new  properties  resulting 
therefrom.  The  fusion  of  the  two  branches  requires  that  all  the  properties  of 
a  given  substance  be  considered  as  a  whole,  and  that  such  properties  as 
must  at  present  be  considered  specific  for  each  substance  be  eliminated  one  by 
one  through  researches  which  will  result  in  referring  them  to  more  general 
principles  applicable  alike  to  all  kinds  of  atoms. 

An  attempt  at  such  a  synthesis  has  therefore  been  made  for  the  properties 
of  silica.  Its  general  outline  is  based  upon  a  classification  of  properties  drawn 
logically  from  the  six  fundamental  concepts  of  physico-chemical  science: 
length,  time-interval,  mass,  electric  charge,  entropy  and  energy.  The 
chemist's  part  comes  first.  Having  discovered  a  substance  called  silica, 
which  by  various  means  can  be  caused  to  disappear  and  then  to  reappear  with 
its  original  properties,  he  proceeds  to  dissect  it  into  its  more  elementary  con- 
stituent substances  silicon  and  oxygen,  distinguishing  also  between  the  three 
kinds  of  silicon  (isotopes)  which  he  finds  in  it.  Examination  of  silica  from 
various  parts  of  the  Earth  and  from  meteorites  shows  that  the  proportion  of 
these  isotopes  is  constant,  a  fact  which  has  important  consequences  in  hypo- 
theses of  the  Earth's  origin. 

Going  still  deeper  into  its  composition,  the  chemist  examines  the  constitu- 
tion of  the  four  kinds  of  atoms  present  in  silica,  and  studies  the  little  that  is 
known  of  the  manner  in  which  they  combine  to  form  silica.  His  knowledge  of 
atoms  and  their  modes  of  arrangement  and  combination  being  at  present  too 
scanty  to  permit  of  further  logical  progress  in  this  direction,  he  starts  on  a  new 
tack  and  collects  all  the  different  kinds  of  silica  that  can  be  found  or  made. 
Some  of  them,  it  turns  out,  differ  in  properties  from  others;  they  are  the 
polymorphous  forms  and  states  of  aggregation  of  silica.  The  complete  descrip- 
tion of  their  relationships  as  affected  by  temperature  and  pressure  can  be 
embodied  in  a  Phase-Rule  diagram,  and  their  rates  of  transformation  may  be 
studied,  empirically,  at  the  same  time.  The  practical  necessity  of  treating 
the  micro-phases  separately  is  also  recognized. 

One  necessary  consequence  of  the  atomic  constitution  of  silica  is  the  existence 
of  differences  in  symmetry  and  in  certain  characteristic  dimensions  (axial 
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ratios)  between  the  polymorphous  forms.  To  round  out  the  picture,  hypo- 
theses of  structure  and  of  polymorphism  must  be  brought  in  at  this  stage. 

By  this  time  the  physicist  had  to  be  called  in  to  explain  what  controls 
the  appearance  and  disappearance  of  the  forms  already  discovered.  The 
cause  sought  proves  to  be  a  relation  between  the  fundamentals  energy  and 
entropy,  most  conveniently  stated  in  the  form  of  a  property  called  the  zeta 
or  "free  energy,"  whose  study  requires  the  measurement  of  latent  heats  and 
heat  capacities  of  the  forms. 

The  further  classification  of  specific  properties  then  proceeds  in  terms  of  the 
various  kinds  of  energy  (chemical,  thermal,  mechanical,  electromagnetic) 
and  in  accordance  with  the  distinction  between  the  storage  of  energy  (elastic 
properties,  surface  tension,  dielectric  constant,  magnetic  susceptibility);  the 
transmission  of  energy  (thermal  conductivity,  electrical  conductivity,  refrac- 
tion, rotation,  reflection,  etc.);  and  the  transformation  of  energy  from  one 
form  to  another  (thermal  dilatation,  viscosity,  dielectric  anomalies,  piezo- 
electricity, absorption,  luminescence,  etc.). 

A  synthesis  of  this  kind  that  will  satisfy  the  chemist  and  the  physicist, 
and  at  the  same  time  be  useful  and  informative  to  the  mineralogist,  the 
petrologist  and  the  ceramist,  is  an  unattainable  ideal,  but  it  is  hoped  that  the 
attempt  will  at  least  point  the  way  and  bring  clearly  into  view  the  many  gaps 
which  can  easily  be  filled  with  the  aid  of  methods  and  apparatus  now  available. 

INTERIOR  OF  THE  EARTH 

The  composition  and  condition  of  the  "crust"  of  the  Earth  is  a  problem  of 
absorbing  interest  and  one  which  is  slowly  but  surely  approaching  a  final 
solution.  Many  kinds  of  evidence  converge  to  give  us  a  picture,  as  yet  dim 
and  obscure,  but  one  in  which  faint  outlines  appear  through  the  haze.  There 
is  good  reason  to  believe  that  immediately  below  the  surficial  sediments  there 
is  a  granitic  layer  10  to  20  kilometers  in  thickness  which  rests  upon  rock  less 
siliceous  in  composition.  A  more  definite  knowledge  of  the  extent  of  this 
granitic  layer  requires  the  experimental  determination  of  several  factors. 
Among  the  most  important  of  these  are  the  melting-point  of  granite  under  the 
conditions  which  obtain  at  moderate  depths  and  the  effect  of  pressure  on  the 
temperature  of  transformation  from  one  polymorphous  form  to  another. 

In  the  determination  of  the  temperature  at  which  a  granitic  rock  becomes 
fluid  the  application  of  pressure  is  necessary;  otherwise,  the  small  but 
important  amount  of  volatile  material  would  be  driven  off  with  a  very  great 
change  in  melting-point.  Heated  in  the  open  air,  a  typical  granite  does  not 
become  entirely  fluid  until  a  temperature  considerably  in  excess  of  1000°  C. 
is  attained,  and  yet  from  geologic  evidence  we  know  that  granitic  rocks  must 
have  crystallized  at  much  lower  temperatures. 

We  expect  to  determine  definitely  the  melting  point  of  various  granitic 
rocks,  using  apparatus  which  has  already  been  applied  to  problems  of  similar 
character.  With  this  same  apparatus  the  effect  of  pressure  on  inversion  points 
can  also  be  studied.  One  such  series  of  measurements — on  the  a-/3  inversion 
of  quartz — has  been  practically  completed  and  has  demonstrated  the  advan- 
tage of  direct  measurement  of  such  changes,  even  though  they  may  be  cal- 
culated from  the  volume-change  and  the  heat  of  transformation. 
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During  the  past  year  a  joint  effort  of  the  Geophysical  Laboratory  and  the 
Department  of  Terrestrial  Magnetism  has  been  brought  to  a  successful 
conclusion.  The  effect  of  pressure  on  the  critical  temperature  of  magnetiza- 
tion of  iron  and  other  ferromagnetic  materials  was  measured  in  order  to  deter- 
mine to  what  extent  the  magnetism  of  the  Earth  might  be  due  to  a  central 
iron  core.  The  temperature  of  the  interior  of  the  Earth  is  far  above  that  at 
which  iron  loses  its  ferromagnetic  character  but,  conceivably,  the  effect  of 
pressure  might  have  been  such  as  to  raise  the  inversion-temperature  to  such 
an  extent  that  even  at  the  very  high  central  temperatures  the  iron  would 
remain  strongly  magnetic.  The  materials  studied  were  iron,  nickel,  magnetite, 
meteoric  iron  and  nickel-steel,  and  the  maximum  pressures  attained  in  this 
work  were  approximately  4000  atmospheres.  In  all  cases  the  effect  of  pressure 
was  so  small  as  to  be  practically  negligible,  except  at  pressures  around  500 
atmospheres,  where  certain  irregularities  were  observed  which  may  possibly 
be  connected  with  abnormal  temperature  conditions  known  to  exist  in  the 
bomb  at  this  pressure. 

From  this  experimental  work  we  may  conclude  rather  definitely  that  the 
magnetism  of  the  Earth  is  to  be  attributed  to  something  other  than  deep- 
seated  iron  or  nickel-iron  alloy. 

Brief  reviews  of  the  papers  published  by  members  of  the  Laboratory  staff 
during  the  current  year  follow. 

PUBLICATIONS 

(572a)     Some  causes  of  volcanic  activity.     Arthur  L.  Day.     Smithsonian  Report  for  1925, 
257-270,  3  pis.     (Published  1926.) 

Reprint  of  No.  572  (Annual  Report,  1925). 

(579a)     L'Eruzione  di  Santorino  del  1925.     Nota  preliminare.     Henry  S.  Washington. 
Bulletin  Volcanologique  3  (Nos.  7-8),  65-73,  6  pis.     1926. 

Translation  of  No.  579  (Annual  Report,  1926),  with  some  additional 
illustrations. 

(616)     Granites  of  Central  Spain.     Henry  S.  Washington.     J.  Wash.  Acad.  Sci.,   16, 
409-412.     1926. 

The  Iberian  peninsula  consists  essentially  of  a  central  plateau,  bounded  by 
the  Pyrenees  on  the  north  and  the  Betic  Range  on  the  south.  The  central 
plateau  consists  very  largely  of  granites,  which  have  never  been  chemically 
analyzed.  This  paper  attempts  to  make  up  for  this  deficiency,  presenting 
the  results  of  four  analyses  of  typical  granites,  with  petrographic  descriptions. 
They  are  all  biotite  granite,  of  very  uniform  chemical  composition,  with  about 
equal  amounts  of  potash  and  soda,  and  rather  high  lime.  The  relations  of 
these  central  granites  to  the  surrounding  more  alkalic  rocks  are  briefly 
discussed. 

(620)     Future  progress  in  ceramic  chemistry.     George  W.  Morey.     Ind.  Eng.  Chem.,  18, 
1023-1025.     1926. 

A  discussion  of  probable  future  progress  in  the  cement,  refractories  and  glass 
industries,  based  on  recent  advances  in  our  knowledge  of  silicate  chemistry. 
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(621)  An  unusual  occurrence  of  albite.     Clarence  N.  Fenner.     Am.  Mineralogist,  11, 

255-259.     1926. 

Two  specimens  found  in  the  trap-rock  quarries  of  Paterson,  New  Jersey, 
carried  a  mineral  differing  in  appearance  from  the  zeolites  and  associated 
minerals  commonly  occurring  there. 

The  specimens  suggested  albite,  and  microscopic  examination  and  chemical 
analysis  have  confirmed  this,  but  certain  features  of  the  occurrence  are 
unusual,  not  only  as  regards  the  mineral  associations  in  the  Watchung  basalt 
but  with  respect  to  the  occurrence  of  albite  in  general.  The  paper  briefly 
describes  the  characteristics  of  the  specimens. 

(622)  Acceleration  of  rate  of  oxidation  of  ferrous  iron  in  presence  of  eopper,  and  its  appli- 

cation to  "heap  leaching"  process.     E.  Posnjak.     Am.  Inst.  Mining  Met. 
Eng.,  Paper  No.  1615-D,  10  pp.     1926. 

The  extreme  slowness  of  the  oxidation  of  acidified  ferrous  solutions,  as  well 
as  the  rapid  increase  in  the  rate  of  oxidation  with  increasing  concentration  of 
ferrous  iron,  are  confirmed. 

It  has  been  shown  that  the  oxidation  of  ferrous  sulfate  by  oxygen  is  greatly 
accelerated  by  the  presence  of  copper  sulfate.  This  acceleration  is  explained 
on  the  basis  of  the  equilibrium  which  must  exist  in  solution  when  ferrous  and 
cupric  ions  are  brought  together:  Fe  +++Cu++±;Fe+  +++Cu+.  Cuprous 
ions  are  very  readily  oxidized  and  the  acceleration  produced  by  copper  sulfate 
is  due  to  the  oscillation  of  some  of  the  copper  between  two  stages  of  oxidation, 
which,  combined  with  the  equilibrium  existing  between  ferrous  and  cupric 
ions,  is  probably  responsible  for  the  rapid  formation  of  ferric  ions  in  the 
solution.  The  effectiveness  of  the  copper  sulfate  decreases  with  increasing 
concentration  of  the  ferric  ions  in  solution  as  would  be  required  by  the  above- 
mentioned  equilibrium. 

It  is  suggested  that  some  unusual  catalytic  effects  mentioned  in  the  litera- 
ture, which  are  produced  by  mixtures  of  iron  and  copper  salts,  may  be  ex- 
plained by  the  equilibrium  existing  between  ferrous  and  cupric  salts. 

The  process  of  "heap  leaching"  is  discussed,  and  it  is  pointed  out  that  the 
main  apparent  difficulties  met  in  practice  are  due  to  the  ineffectiveness  of 
the  oxidation  of  ferrous  to  ferric  iron.  The  advisability  of  leaving  copper 
salts  in  the  leaching  solutions,  and  other  factors  favoring  efficient  oxidation, 
are  also  discussed. 

(623)  An  electromagnetic  separator  for  laboratory  use.     Charles  J.  Ksanda.     J.  Opt.  Soc. 

Amer.,  etc.,  13,  713-715.     1926. 

This  instrument  has  been  so  designed  that  with  it  the  separation  of  different 
minerals  on  the  basis  of  their  relative  magnetic  susceptibilities  can  be  accom- 
plished quickly  and  effectively.  In  its  construction  special  attention  has 
been  given  to  details  in  order  to  insure  a  thoroughly  efficient  instrument. 
In  principle  it  is  identical  with  the  original  separator  described  by  Fouque, 
half  a  century  ago. 

(624)  Crystal  structure  in  its  relation  to  chemical  problems.     Ralph  W.  G.  Wyckoff. 

Lecture  delivered  at  Columbia  University  in  the  special  course  on  Con- 
temporary developments  in  chemistry  .  .  .  1926.     20  pp.     (Mar.  1927.) 

This  lecture  is  a  brief  discussion  of  the  ways  in  which  existing  crystal 
structure  results  are  of  interest  to  chemistry.  The  importance  of  these  results 
to  chemical  theory  is  mentioned  and  a  number  of  the  more  practical  applica- 
tions of  X-ray  measurements  to  metallurgy,  mineralogy,  ceramics  and  the 
like  are  listed. 
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(625)  An  analcite-rich  rock  from  the  Deccan  traps  of  India.     N.  L.  Bowen.     J.  Wash. 

Acad.  Sci.,  17,  57-59.     1927. 

A  specimen  from  the  Deccan  traps  of  India  is  found  to  contain  a  large  pro- 
portion of  an  analcite  base.  The  rest  of  the  rock  is  made  up  principally  of 
minute  prisms  of  augite,  with  a  little  olivine,  some  biotite  and  ore  and  prob- 
ably nephelite.  The  type  is  either  an  analcite  basalt  or  analcitized  nephelite 
basalt,  and  is  apparently  the  first  noted  example  of  a  rock  of  strongly  alkaline 
affinities  from  the  Deccan  region. 

(626)  The  system  sodium  sulphate-water.     I:  The  densities  and  specific  volumes  of 

aqueous  solutions  of  sodium  sulphate  between  25  and  40°,  and  the  Active 
volumes  of  sodium  sulphate  in  solution.  R.  E.  Gibson.  J.  Phys.  Chem. 
31,  496-510.     1927. 

The  densities  and  specific  volumes  of  solutions  of  sodium  sulphate  at  25° 
and  over  a  range  of  concentration  from  0  to  28  per  cent  are  determined  with 
an  accuracy  of  5  to  10  parts  per  million.  The  thermal  expansibilities  are 
determined  for  the  same  solutions  between  25°  and  40°  with  the  same  accuracy. 
From  these  data  the  fictive  volumes  of  sodium  sulphate  and  water  in  solu- 
tions of  sodium  sulphate  are  calculated. 

(627)  The   crystal   structure   of  hexamine-cobalti-iodide   [Co(NH3)6]l3.     Ralph   W.   G. 

Wyckoff  and  Thomas  P.  McCutcheon.     Am.  J.  Sci.,  13,  223-233.     1927. 

Powder  and  Laue  photographic  data  have  been  prepared  and  analyzed 
from  crystals  of  [Co(NH3)6]I3.  From  them  it  is  shown  that  the  apparently 
correct  structure  is  Co  at  4b;  I  at  4c  and  8e;  N  at  24a  with  u  =  ca.  0.20. 
The  length,  a0)  of  the  edge  of  the  unit  cube  containing  these  four  molecules 
isa0=10.88A°. 

(628)  Analyses  of  three  Australian  rocks.     M.  Aurousseau.     Proc.  Linnean  Soc.  N.  S. 

Wales,  51,  614-626.     1926. 

Analyses  are  presented  of  a  nephelite  basanite  containing  iddingsite,  a 
micrographic  granite  that  exhibits  intergrowth  between  four  minerals,  and  of 
a  granulitic  amphibolite.  The  nephelite  basanite,  which  has  hitherto  been 
regarded  as  a  melilite  basalt,  is  discussed  from  the  petrographic  and  the 
regional  points  of  view.  New  averages  of  the  composition  of  melilite  basalt, 
nephelite-melilite  basalt  and  of  nephelite  basanite  are  presented.  The 
sulphate  vesicles  which  the  rock  contains  are  discussed  in  the  light  of  their 
bearing  upon  the  genesis  of  iddingsite.  The  mode  of  the  micrographic  granite 
was  determined,  and  is  used  in  conjunction  with  the  rock  analysis,  in  a  method 
of  presenting  the  "complete"  statement  of  the  composition  of  a  rock.  The 
state  of  present  opinion  concerning  graphic  structures  is  briefly  presented  and 
applied  to  the  rock  under  consideration.  The  amphibolite  is  mineralogically 
unusual  but  chemically  normal. 

(629)  A  polarization  photometer  eyepiece.     F.  E.  Wright.     J.  Opt.  Soc.  Amer.,  etc.,  14, 

339-341.     1927. 

This  instrument  was  constructed  to  serve  primarily  as  an  eyepiece  on  an 
astronomical  telescope  for  use  in  a  study  of  the  amount  of  polarized  light 
reflected  by  different  parts  of  the  Moon's  surface  under  different  angles  of 
incident  illumination.  For  this  purpose  a  polarization  eyepiece  is  required, 
in  which  the  image  of  the  object  under  test  is  viewed  at  the  time  the  pho- 
tometer readings  are  taken,  in  order  that  the  observer  may  be  certain  that  he  is 
measuring  only  the  light  reflected  from  the  given  point  on  the  Moon's  surface. 
Tests  made  with  the  polarization  photometers  already  available  proved  them 
to  be  unsatisfactory  for  various  reasons.     With  the  new  eyepiece,  however, 
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good  measurements  were  made  with  low  eyepiece  magnifications.  Experience 
has  shown  that,  with  slight  modification,  the  arrangement  can  be  applied  to 
other  problems  of  similar  nature,  whenever  it  is  desirable  that,  at  the  time  of 
measurement,  the  object  be  imaged  in  the  photometric  field. 

By  removing  the  front  negative  lens  the  photometer  may  also  be  used  to 
serve  directly  as  a  low-power  telescope  itself  and  to  measure  the  amount  of 
polarized  light  at  different  points  in  the  sky  and  in  light  reflected  from  differ- 
ent land  surfaces. 

(631)  The  crystal  structure  of  cesium  fluogermanate.     Ralph  W.  G.  Wyckoff  and  J.  H. 

Miiller.     Am.  J.  Sci.,  13,  347-352.     1927. 

Powder  data  from  crystals  of  Cs2GeF6  are  in  excellent  agreement  with  a 
K2PtCl6-arrangement  [4b,  8e,  24c]  of  its  atoms.  The  parameter  u  for  fluorine 
has  a  value  not  far  from  0.20.  The  length  of  the  edge  of  the  unit  cube  con- 
taining four  molecules  of  Cs2GeF6  is  8.99A°.  The  density  calculated  from 
this  Go  is  p  =  4.10. 

(632)  The  positions  of  the  K-absorption  limits  of  vanadium  in  various  of  its  compounds. 

Sterling  B.  Hendricks  and  Ralph  W.  G.  Wyckoff.     J.  Phys.  Chem.,  31, 
703-712.     1927. 

Accurate  measurements  have  been  made  of  the  K  X-ray  absorption  limits 
of  vanadium  in  several  of  its  compounds.  The  nature  of  the  variations 
observed  in  these  limits  is  mentioned  and  possible  factors  determining  them 
are  briefly  discussed. 

(633)  Gravity  on  the  Earth  and  on  the  Moon.     F.  E.  Wright.     Scientific  Monthly,  24, 

448-462.     1927. 

This  paper  summarizes  a  lecture  before  the  Carnegie  Institution  of  Wash- 
ington on  the  significance  of  gravity  as  a  factor  in  the  development  of  the 
surface  features  of  the  Earth  and  of  the  Moon.  The  several  instrumental 
methods  for  the  measurement  of  gravity  on  the  Earth  are  described  briefly 
with  reference  especially  to  accuracy  and  to  usefulness  in  the  field,  the  con- 
clusion being  that  the  pendulum  method  is  still  the  most  accurate  method 
for  the  purpose. 

In  contrast  with  terrestrial  conditions,  we  find  on  the  Moon  its  gravity  only 
one-sixth  of  that  on  the  Earth ;  also  an  absence  of  running  water  and  of  an  at- 
mosphere. On  the  Moon  no  forms  of  erosion  exist,  such  as  we  see  everywhere 
on  the  Earth.  Lunar  features  are  the  result  chiefly  of  crustal  moving  forces, 
unmodified  by  erosion  and  weathering.  The  low  gravity  acceleration  and 
lack  of  an  atmosphere  give  rise  to  extraordinary  dispersive  effects  in  the  case 
of  a  volcanic  eruption.  Volcanic  materials  are  hurled  to  points  hundreds  of 
miles  distant,  whereas  on  the  Earth  a  maximum  distance  of  10  miles  has  been 
observed.  Under  these  conditions  types  of  lunar  craters  are  developed  that 
are  different  from  terrestrial  craters. 

On  the  Earth  the  observed  tendency  of  the  globe  or  geoid  to  assume  a 
spheroid  figure  of  rotational  equilibrium — such  that  at  the  point  where  lighter 
material  is  massed,  a  tendency  to  bulge  is  observed,  and  a  depression  is 
encountered  wherever  denser  material  exists — was  called  by  Dutton  isostasy. 
This  term,  which  implies  a  tendency  toward  gravitational  equilibrium  in  the 
shape  of  the  Earth,  is  equivalent  to  the  statement  that  beneath  elevated 
regions,  such  as  continents  and  large  mountain  masses,  there  is  a  compensat- 
ing deficiency  of  mass,  whereas  below  the  heavy  ocean  basins  there  is  an  excess 
of  mass.  About  the  fact  of  isostasy  itself  there  can  be  little  question,  but 
about  the  mechanism  by  which  the  isostatic  balance  is  attained  and  main- 
tained there  is  no  agreement  among  geodesists  and  geologists.  Two  main 
hypotheses  have  been  advanced  to  account  for  the  isostatic  compensation, 
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namely  (a)  the  Pratt  hypothesis  which  assumes  a  definite  level  down  to  which 
the  deficiency  or  excess  of  compensating  density  extends  (isostatic  level)  and 
(b)  the  Airy  or  flotation  hypothesis  which  assumes  that  the  extra  loads  are 
supported  by  flotation,  just  as  a  log  or  a  block  of  ice  floats  on  water.  Both 
hypotheses  have  elements  of  truth  and  both  fail  to  explain  all  the  relations 
observed.  A  summary  is  given  in  the  paper  of  the  recent  contributions  to 
isostasy,  the  conclusion  being  that  more  gravity  data  are  needed  before  final 
decisions  can  be  made. 

(634)  On    the    crystal    structure    of    hexamine    cobalti-perchlorate,    [Co.6NH3](C104)3. 

Ralph  W.  G.  Wyckoff,  Sterling  B.  Hendricks  and  Thomas  P.  McCutcheon. 
Am.  J.  Sci.,  13,  388-398.     1927. 

Powder  and  Laue  photographs  have  been  made  and  analyzed  from  crystals 
of  [C0.6NH3]  (C104)3-  The  unit  cube  contains  four  molecules  and  has  a  length 
of  edge,  aQ  =  1 1.39  A°.  The  data  from  this  crystal  and  from  the  corresponding 
iodide  are  closely  similar.  It  is  shown  that  the  structure  can  not  be  holo- 
hedral.  It  is  further  proved  that  no  hemihedral  arrangement  is  possible 
which  groups  four  oxygen  atoms  in  a  similar  fashion  about  each  chlorine  atom. 
The  correct  atomic  arrangement  is  probably  based  upon  the  tetartohedral 
group  T-4.  In  such  an  arrangement  no  atoms  are  in  unique  positions.  The 
apparent  holohedry  of  the  Laue  photographs,  however,  requires  that  at  least 
the  centers  of  ionic  groups  shall  not  depart  far  from  the  unique  position  of 
higher  symmetry  occupied  by  the  corresponding  atoms  of  hexamine  cobalti- 
iodide. 

(635)  Developments  in  glass  technology  during  recent  years.     George  W.  Morey.     Chem. 

and  Met.  Eng.,  34,  230-232.     1927. 

A  review  of  the  progress  of  glass  technology  since  1902  in  which  are  par- 
ticularly discussed  advances  in  mechanical  appliances,  chemical  technology 
and  research  in  silicate  chemistry. 

(636)  Annual  Report  for  this  year. 

(637)  The  acmitic  pyroxenes.     H.  S.  Washington  and  H.  E.  Merwin.     Am.  Mineralogist, 

12,  233-252.     1927. 

In  this  paper  are  described,  optically  and  chemically,  a  considerable  num- 
ber of  specimens  of  acmite  and  segirite,  from  widely  scattered  localities  and  of 
great  range  in  composition.  The  pleochroism,  refractive  indices,  extinction 
angles  and  other  optical  characters  were  determined  and  their  relations  to 
the  chemical  composition  are  briefly  pointed  out.  It  was  noted  that  the 
dispersion  of  the  refractive  indices  of  acmite  is  very  high.  Nine  new  analyses 
of  these  pyroxenes  are  given.  It  is  shown  that  acmite,  hedenbergite,  and 
diopside  can  mix  in  all  proportions  in  crystals,  although  the  acmitic  pyroxenes 
are  mostly  hedenbergitic  rather  than  diopsidic.  The  chemical  analyses  show 
that  the  purest  acmites  contain  small,  but  notable,  amounts  of  zirconia  and 
the  rare  earths,  whereas  the  acmitic  pyroxenes  that  contain  much  heden- 
bergite and  diopside  carry  but  traces,  or  none,  of  these. 

(638)  The  space  group  of  aluminum  metaphosphate.     Sterling  B.  Hendricks  and  Ralph 

W.  G.  Wyckoff.     Am.  J.  Sci.,  13,  491-496.     1927. 

Laue,  spectral  and  powder  photographs  have  been  made  from  A1(P03)3- 
Data  from  them  fit  a  body-centered  unit  containing  16  molecules  and  having 
a0  =  13.63A°.  The  corresponding  space  group  is  apparently  Te-6.  Since 
the  structure  is  defined  by  at  least  eleven  parameters  no  determinations  of 
atomic  positions  are  possible. 
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(639)     Gases  of  the  Mt.  Pelee  lavas  of   1902.      E.    S.    Shepherd   and  H.  E.  Merwin. 
J.  Geol.,  35,  97-116.     1927. 

Five  specimens  of  lava  from  Mt.  Pel£e  were  given  a  complete  chemical 
examination.  The  rock  is  remarkably  uniform  in  chemical  composition  and 
shows  no  appreciable  change  as  between  the  old  peak  (Morne  Lacroix) 
erupted  centuries  ago  and  the  fresh  lava  of  the  1902  eruption.  The  volatiles 
prove  to  be  very  similar  to  those  obtained  from  other  lavas,  with  notably 
greater  quantities  in  the  glassy  material  than  in  the  crystalline. 

Water  is  the  chief  volatile  constituent,  averaging  about  80  per  cent  by 
volume,  with  carbon  dioxide  averaging  9  per  cent.  Next  in  order  follow 
halogens  and  sulfur,  with  fluorine,  because  of  its  small  atomic  weight,  reaching 
2  per  cent  by  volume  though  amounting  to  only  0.005  per  cent  by  weight  of 
the  rock.  Carbon  monoxide  is  present  to  about  1  per  cent  as  usual  with 
lavas,  and  hydrogen  about  0.3  per  cent.  Gases  of  the  argon  group  are  present, 
but  only  to  about  0.01  per  cent  by  volume. 

Attention  is  called  to  the  misleading  inferences  which  result  from  accepting 
the  determinations  of  water  made  upon  the  rock  powders  used  in  analysis. 
These  determinations  may  be  correct  for  the  rock  powder  but  bear  no  definite 
relation  to  the  actual  water  content  of  the  rock  which  is  determined  upon  a 
hundred  grams  or  more  of  rock  chips  heated  in  vacuo.  The  error  for  powders 
may  be  ten  times  the  actual  water  content  or  even  reverse  the  order  in  a 
series.  Thus  the  water  content  of  the  pumice  'determined  on  the  powder 
was  ten  times  greater  than  the  actual  value  and  twice  as  much  as  the  bread- 
crusted  surface  of  a  bomb,  whereas  the  bread-crust  really  contained  six  times 
more  water  than  the  pumice.  It  is  this  error  which  has  led  some  to  infer  that 
the  bread-crust  surface  had  lost  its  volatiles,  whereas  the  fact  is  just  the 
reverse. 

Gas-charged  volcanic  glasses  are  discussed  and  their  relation  to  the  explo- 
sions and  to  the  nuees  ardentes  amplified.  The  importance  of  vesicuiation 
and  the  time  factor  in  the  physical  reaction  of  such  glasses  is  stressed. 

From  the  volatile  content  of  the  Pelee  lavas  as  well  as  the  behavior  of  the 
"spine"  of  this  volcano  it  is  shown  that  internal  pressures  of  at  least  a  hundred 
atmospheres  were  probable  within  the  dome  during  the  declining  phases  of 
its  activity.  Presumably  much  higher  pressures  preceded  the  catastrophic 
eruptions. 

(641)     The  decomposition  of  glass  by  water  at  high  temperatures  and  pressures.    G.  W. 
Morey  and  N.  L.  Bowen.     J.  Soc.  Glass  Tech.,  11  (Trans.),  97-106.    1927. 

An  extended  series  of  commercial  glasses  of  widely  differing  compositions 
was  treated  with  water  at  300°  and  at  550°,  under  the  correspondingly  high 
pressures  developed  by  the  water.  The  products  of  decomposition  were 
examined  with  the  petrographic  microscope.  The  glasses  studied  comprised 
ordinary  crowns,  which  are  soda-lime  glasses,  borosilicate  crowns,  similar  in 
composition  but  containing  B2O3;  barium  crowns  ranging  from  those  which 
represent  but  slight  deviation  in  composition  from  ordinary  crowns  to  those 
containing  over  50  per  cent  of  BaO;  and  flints,  ranging  in  composition  from 
extra  light  flints  deviating  but  slightly  from  the  ordinary  crowns,  to  extra 
dense  flints  containing  upward  of  70  per  cent  PbO.  The  results  of  the  treat- 
ment showed  that  in  most  cases  even  at  the  higher  temperature  and  pressure 
the  systems  formed  with  water  were  all  supersaturated  with  respect  to  several 
crystalline  phases,  which  were  studied  and  in  many  cases  identified  with 
known  minerals  or  compounds.  The  extra  light  flints  were  of  special  interest 
in  that  they  showed  the  presence  of  a  considerable  proportion  of  stable  liquid 
phase  at  both  550°  and  300°,  recalling  the  famous  experiment  of  Barus. 
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These  studies  form  an  interesting  connecting  link  between  the  studies  of  the 
stability  of  glass  as  carried  out  in  commercial  testing  and  the  hydrothermal 
formation  of  silicates  at  present  under  study  in  this  Laboratory. 

(642)  Steam  wells  and  other  thermal  activity  at  "The  Geysers, "  California.  E.  T.  Allen 
and  Arthur  L.  Day.  Carnegie  Institution  Wash.  Pub.  No.  378.  106  pp. 
+  1  folded  map.     34  illustrations.     1927. 

The  region  studied  in  this  paper  includes  small  areas  of  the  Coast  Range 
in  California,  specifically  in  the  St.  Helena  Range.  The  slopes  of  this  range 
are  generally  covered  with  sediments  and  metamorphics,  but  exposures  of 
andesite  on  the  high  peaks,  the  occurrence  of  small  areas  of  lava,  tuff  and 
obsidian  at  certain  other  points  and  the  discovery  by  drilling  of  gabbro  at  a 
depth  of  230  feet  at  The  Geysers,  all  proclaim  this  a  volcanic  region.  Another 
fact  of  considerable  importance  in  support  of  the  conclusions  reached  concern- 
ing the  thermal  activity  in  this  region  is  that  there  is  evidence  of  a  fault 
extending  along  the  west  side  of  the  range  for  a  distance  of  about  25  miles. 

Observations  on  the  hot  springs  of  this  locality  not  only  confirm  the  con- 
clusions reached  in  the  course  of  investigations  in  the  Lassen  National  Park 
in  nearly  every  particular,  but  materially  extend  our  knowledge  in  several 
directions. 

Of  first  importance  are  the  observations  and  tests  that  concern  the  great 
store  of  hot  steam,  increasing  with  depth,  which  drilling  proves  may  be  tapped 
anywhere  in  the  hot  area  at  The  Geysers  not  far  below  ground — even  in  spots 
where  formerly  there  was  no  indication  of  abnormal  temperature.  That 
similar  supplies  of  subterranean  volcanic  steam  of  industrial  importance  may 
be  developed  in  many  other  fumarole  districts,  as  Prince  Ginori  Conti  believes, 
is  highly  probable,  and  that  they  are  the  secret  of  the  immense  stores  of  heat 
and  its  ready  transmission  in  the  great  geyser  basins  seems  beyond  doubt. 
The  fact  that  the  steam  at  The  Geysers  rises  in  a  region  where  all  signs  point 
to  a  meager  supply  of  ground  water,  that  it  is  accompanied  by  volcanic  gases, 
and,  almost  equally  significant,  that  the  steam  is  superheated  like  the  steam 
at  Larderello  and  like  that  in  many  fumaroles  at  Katmai  and  probably  else- 
where, points  to  a  magmatic  origin.  The  eventual  saturation  of  the  steam 
in  the  wells  at  The  Geysers  is  shown  by  tests  to  be  a  subsequent  develop- 
ment which  requires  appreciable  time  and  probably  occurs  in  the  wells 
themselves. 

While  the  volcanic  gases — hydrogen  sulphide  (or  to  be  more  accurate  its 
oxidation  product  sulphuric  acid)  and  to  a  lesser  degree  carbonic  acid — are 
the  active  agents  in  rock  decomposition,  the  actual  process  appears  to  be 
confined  to  a  zone  near  the  surface.  This  is  shown  by  the  direct  relation 
between  the  composition  of  the  spring  waters  and  the  superficial  rocks,  the 
most  important  of  which  is  serpentine;  by  the  seasonal  variation  in  the  dis- 
charge of  a  large  number  of  the  springs  which  is  measurable;  by  the  mutual 
relation  between  springs  and  fumaroles  expressed  in  the  appearance  of  hot 
springs  at  new  points  in  wet  weather  and  the  drying  up  of  certain  hot  springs 
with  advancing  summer,  and  also  by  the  evidence  revealed  in  drilling. 

Much  additional  information  has  been  collected  on  the  causes  of  acid  and 
alkaline  springs  and  on  their  relation  to  each  other.  A  marked  difference  in 
concentration  between  the  two  classes  which  was  forecast  from  incomplete 
evidence  in  the  Lassen  National  Park  is  here  fully  borne  out — the  concentra- 
tion of  the  acid  springs  being  so  much  higher  as  a  rule  as  to  constitute  a  differ- 
ent order  of  magnitude.  It  has  been  possible  to  trace  many  springs  pretty 
definitely  to  the  ground  where  they  rise,  and  to  connect  the  acid  springs  with 
places  where  oxidation  is  active  and  the  alkaline  springs  with  places  where 
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oxidation  is  feeble.  There  is  nothing  to  show  that  the  acid  waters  were  for- 
merly alkaline,  as  some  suppose,  and  while  the  evidence  indicating  that  the 
alkaline  springs  were  acid  in  their  beginning  may  not  be  completely  convinc- 
ing to  all,  it  is  quite  in  accord  with  the  facts  so  far  as  they  are  known. 

A  comparison  of  the  thermal  activity  in  the  St.  Helena  range  with  that  of 
Tuscany,  so  far  as  the  latter  can  be  determined  from  the  literature,  has  been 
made. 

(643)  Properties  of  glass.     George  W.  Morey.     International  Critical  Tables,  2,  87-106. 

1927. 

An  extract  from  the  second  volume  of  the  International  Critical  Tables. 

(644)  The  properties  of  silica.     An  introduction  to  the  properties  of  substances  in  the  solid 

non-conducting  state.     Robert  B.  Sosman.     Am.  Chem.  Soc.  Monograph 
Series,  850  pp.,  New  York.     1927.     (Chemical  Catalog  Company.) 

The  material  of  the  book  is  classified  as  follows: 

Part  1:  Fundamentals.  Chapter  I,  The  properties  of  a  substance;  II,  The 
composition  of  silica;  III,  The  atomic  constitution  of  silica. 

Part  2:  Phases  and  their  transformations.  Chapter  IV,  The  principal  forms; 
V,  The  sluggish  inversions;  VI,  Melting  and  vaporization;  VII,  The  high-low 
inversions;  VIII,  Complex  phases;  IX,  Effects  of  subdivision  and  twinning; 
X,  The  micro-forms;  XI,  Transformations  and  inversions  of  the  micro-forms. 

Part  3 :  Symmetry  and  structure.  Chapter  XII,  Symmetry  of  the  modifica- 
tions; XIII,  The  ultimate  structure  of  silica;  XIV,  The  hypothetical  structure 
of  low-quartz;  XV,  A  general  theory  of  the  structure  and  polymorphism  of 
silica;  XVI,  Further  applications  of  the  theory;  XVII,  Other  Irypotheses,  past 
and  present;  XVIII,  The  density  of  silica. 

Part  4:  Thermal  energy.  Chapter  XIX,  The  storage  of  thermal  energy; 
XX,  Thermal  changes  in  volume  and  shape;  XXI,  The  flow  of  thermal  energy. 

Part  5:  Mechanical  energy.  Chapter  XXII,  Elastic  properties:  volume 
energy;  XXIII,  Elastic  properties:  energy  of  form;  XXIV,  Flow  and  failure; 
XXV,  Surface  energy. 

Part  6:  Silica  in  the  electric  and  magnetic  fields.  Chapter  XXVI,  Silica  in 
the  electric  field;  XXVII,  The  storage  and  flow  of  electricity;  XXVIII, 
Piezo-electric  and  pyro-electric  properties;  XXIX,  Silica  in  the  magnetic  field. 

Part  7 :  Silica  in  the  periodic  electromagnetic  field.  Chapter  XXX,  Refrac- 
tion; XXXI,  The  refractive  indices  of  quartz;  XXXII,  Secondary  refractive 
constants  and  optical  orientation;  XXXIII,  Rotatory  power;  XXXIV,  The 
variation  of  refractive  properties  with  temperature;  XXXV,  Reflection; 
XXXVI,  Absorption  and  emission;  XXXVII,  Theoretical  aspects  of  the 
radiational  properties;  XXXVIII,  Scattering  and  re-radiation;  XXXIX, 
Effects  of  stress  on  the  radiational  properties;  XL,  Electro-  and  magneto- 
radiational  properties. 

Part  8:  Applications.  Chapter  XLI,  Geological  applications;  XLII, 
Silica  minerals  and  rocks;  XLIII,  Industrial  applications  of  silica;  XLIV, 
The  manufacture  of  vitreous  silica;  XLV,  Silica  refractories;  XL VI,  Chemical 
uses  of  silica;  XL VII,  Physical  uses  of  silica. 

(645)  The  italite  locality  of  Villa  Senni.     Henry  S.  Washington.     Am.  J.  Sci.,  14,  173- 

198.     1927. 

About  eight  miles  southeast  of  Rome,  on  the  north  slope  of  the  Alban 
Volcano,  is  a  bed  of  volcanic  agglomerate  or  tuff  that  contains  many  "ejected 
blocks"  of  igneous  rocks  with  very  remarkable  mineral  and  chemical  charac- 
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ters,  which  present  some  problems  of  peculiar  petrologic  interest.  Specimens 
of  these  were  collected  in  1922  and  1925  with  the  aid  of  grants  from  the  Car- 
negie Institution. 

These  blocks  represent  a  series  of  granitoid,  holocrystalline  rocks,  most  of 
the  types  being  unknown  elsewhere,  that  range  from  purely  leucitic  italite, 
through  augite-leucite  missourite,  to  pyroxenite,  with  some  of  biotite  and  of  a 
nephelite-melilite  rock.  The  italite  has  been  previously  described  (see  Nos. 
382,  383,  and  383a),  through  a  misunderstanding  as  having  come  from  Rocca 
Monfina.  It  is  unique  in  being  composed  almost  wholly  of  leucite  and  con- 
taining more  than  19  per  cent  of  K20,  the  highest  recorded  percentage  for 
this  constituent.  Chemical  analyses  of  the  various  rocks  are  given,  as  well  as 
of  several  of  the  constituent  minerals. 

Similar  holocrystalline,  granitoid  blocks,  but  of  very  different  mineral  and 
chemical  composition,  are  found  at  other  volcanoes,  but  they  have  been  much 
neglected  by  petrographers  in  general,  Lacroix  being  about  the  only  one  who 
has  devoted  attention  to  them.  The  interpretation  of  their  origin  or  mode  of 
formation  and  of  their  relation  to  the  lavas  of  the  volcano  is  of  some  petrologic 
interest.  These  blocks  are  regarded  as  homoeogenic,  that  is  to  say  as 
genetically  connected  with  or  derived  from  the  magma  that  furnished  the 
lavas  of  the  volcano.  Their  texture  and  other  characters  are  thought  to 
indicate  that  they  represent  deep-seated  geologic  masses  (dikes,  sills,  etc.), 
which  solidified  in  the  lower  and  hotter  parts  of  the  volcano.  For  rocks  of 
such  origin  the  name  ^'subvolcanic"  is  proposed.  The  Alban  blocks  are 
compared  with  those  from  Monte  Somma,  described  by  Lacroix,  and  with 
others  of  similar  origin. 

(646)     The  origin  of  ultra-basic  and  related  rocks.     N.  L.  Bowen.     Am.  J.  Sci.,  14,  89-108. 
1927. 

The  paper  offers  some  evidence  bearing  on  the  origin  of  two  important  types 
of  ultra-basic  rocks,  those  rich  in  calcic  plagioclase  and  those  rich  in  olivine. 
The  method  of  attack  has  been  that  of  examining  the  composition  of  quickly- 
cooled  or  "quenched"  rocks,  i.  e.  rocks  which  are  uniformly  aphanitic  to  glassy 
and  rocks  which  have  a  groundmass  of  that  character.  Thorough-going 
ultra-basic  rocks  of  the  kinds  under  consideration  are  not  found  in  either 
category.  Among  the  uniformly  aphanitic  (aphyric)  rocks  there  are  none  that 
remotely  approach  ultra-basic  compositions.  Among  porphyritic  rocks  with 
an  aphanitic  base  there  is  a  greater  approach  to  such  compositions,  but  the 
degree  of  approach  is  dependent  upon  the  presence  of  relatively  large  pheno- 
crysts  of  basic  plagioclase  in  the  one  case  or  of  olivine  in  the  other.  It  is 
concluded  that  since  they  are  never  found  in  quenched  form  there  are  no 
liquids  corresponding  in  composition  with  such  ultra-basic  rocks.  They 
must  originate  through  the  local  accumulation  of  crystals  of  either  plagioclase 
or  olivine  which  are  not  significantly  remelted  or  re-dissolved.  Certain  types 
of  quenched  porphyritic  rocks,  principally  lavas,  exhibit  the  various  degrees  of 
accumulation  of  these  crystals.  When  accumulation  has  passed  beyond  a 
certain  stage  the  possibility  of  forming  a  lava  flow  from  such  material  dis- 
appears, because  there  is  not  an  adequate  proportion  of  liquid  for  free  flowage. 
The  possibility  of  the  formation  of  dikes  and  other  minor  intrusions  is  at  this 
stage  much  restricted,  and  with  greater  accumulation  of  crystals  it  too  van- 
ishes. The  evidence  of  these  facts  is  to  be  found  in  the  contrasted  composi- 
tions of  uniformly  aphanitic,  porphyritic  and  coarse  granular  rocks,  some 
details  of  which  are  presented  in  the  paper. 
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(647)  Polarization  of  light  reflected  from  rough  surfaces  with  special  reference  to  light 
reflected  by  the  moon.  F.  E.  Wright.  Proc.  Nat.  Acad.  Sci.,  13,  535-540. 
1927. 

The  surf  ace,  features  of  the  Moon  have  long  been  studied  and  excellent 
selenographic  maps  are  now  available.  We  still  have,  however,  to  find  out 
what  the  surface  materials  of  the  Moon  are  and  how  its  surface  features  were 
formed.  The  only  method  available  for  ascertaining  what  are  its  surface 
materials  is  to  study  the  effects  they  produce  on  the  Sun's  rays  on  reflection 
and  to  compare  these  effects  with  those  produced  by  terrestrial  materials  on 
the  Sun's  rays  on  reflection.  These  effects  include  polarization,  differences  in 
intensity  with  wave  length,  and  differences  in  intensity  with  angle  of  incidence. 
A  long  series  of  measurements  of  the  amounts  of  polarized  light  in  the  Sun's 
rays  reflected  by  the  Moon  under  different  angles  of  incidence,  and  in  beams 
of  light  reflected  by  rocks  and  other  materials,  indicates  clearly  that  on  the 
Moon's  surface  dark  rocks  and  materials,  such  as  basalts,  serpentines,  metals, 
are  not  exposed  in  appreciable  amounts;  but  that  pumices,  powders  of  trans- 
parent substances,  quartz  porphyries,  granites  and  other  light-colored  sub- 
stances may  be  present.  Further  measurements  on  the  quality  and  intensity 
of  light  reflected  by  different  parts  of  the  Moon's  surface  may  enable  us  to 
determine  definitely  what  these  materials  are. 
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J.  Franklin  Jameson,  Director 

The  following  report,  the  twenty-second  annual  report  submitted  by  the 
present  Director  of  the  Department,  is  intended  to  record  the  operations  of 
the  Department  during  the  year  beginning  July  1,  1926,  and  ending  June  30, 
1927. 

No  changes  in  the  regular  membership  of  the  staff  occurred  during  these 
twelve  months.  At  the  end  of  June,  however,  Mr.  Waldo  G.  Leland  with- 
drew, for  a  time  at  least,  under  leave  of  absence,  from  the  active  work  of  the 
Department  to  take  up,  from  July  1,  the  duties  of  executive  secretary  of  the 
American  Council  of  Learned  Societies.  Mr.  Leland's  long  service  to  the 
Institution,  beginning  in  January  1903,  deserves  ampler  commemoration 
than  can  be  given  in  this  place.  His  service  of  more  than  twenty-four  years 
has  been  marked  by  constant  loyalty  and  helpfulness,  by  resourcefulness  and 
ingenuity,  and  by  the  exercise  of  extraordinary  gifts  of  organization.  His 
earlier  work  for  the  Institution  bore  fruit  in  one  of  the  first,  and  certainly  one 
of  the  most  useful,  of  the  publications  issued  for  the  Department  by  the 
Institution,  Messrs.  Van  Tyne  and  Leland's  Guide  to  the  Archives  of  the  Gov- 
ernment of  the  United  States  in  Washington  (Pub.  Nos.  14,  92),  of  which  the 
first  edition  was  issued  in  1904,  the  second  in  1907.  The  fruits  of  Mr. 
Leland's  more  recent  work  for  the  Institution,  in  connection  with  the  archives 
and  libraries  of  Paris,  of  whose  American  materials  he  has  acquired  so  extra- 
ordinary a  knowledge,  are  more  appropriately  spoken  of  in  a  later  section  of 
this  report.  Meantime  it  is  a  matter  of  great  personal  gratification  that  his 
connection  with  the  Department  will  not  be  completely  broken  by  his  present 
migration  to  the  service  of  the  American  Council  of  Learned  Societies. 

The  place  of  Mr.  Leland's  work  for  the  Department  has  been  Paris  through- 
out the  whole  of  the  year  reported  upon.  Miss  Davenport  worked  in  London 
from  July  till  late  October,  but  returned  to  Washington  early  in  November 
and  there  continued  her  labors  till  the  end  of  the  year.  Mr.  Parker,  listed  as 
a  temporary  member  of  the  staff,  worked  for  the  Department  in  Paris  from 
early  November  to  the  end  of  June,  with  the  exception  of  one  month's  time. 
With  the  exception  of  the  month  of  July  1926,  when  he  worked  in  central 
New  York,  the  Director  carried  on  his  work  at  the  headquarters  of  the 
Department  in  Washington. 

Outside  the  regular  staff  of  the  Department,  much  aid  has,  as  in  previous 
years,  been  given  to  its  work  by  several  other  historical  scholars.  Thus,  Mrs. 
R.  C.  H.  Catterall  continued  throughout  the  year  the  preparation  of  the 
second  volume  of  her  series.  Miss  Elizabeth  Donnan  devoted  her  summer 
vacation  from  Wellesley  College,  as  usual,  to  work  upon  the  volumes  which 
she  had  begun  while  still  a  member  of  this  Department.  Professor  John  S. 
Bassett,  of  Smith  College,  prepared  the  preface  to  the  second  volume  of  the 
Correspondence  of  Andrew  Jackson.  Professor  Edwin  H.  Pahlow,  of  the  Ohio 
State  University,  contributed  some  three  weeks  of  his  time  in  March.  Mr. 
David  M.  Matteson,  of  Cambridge,  Massachusetts,  finished  the  index  to 
Mrs.  Catterall's  first  volume,  and  prepared  those  to  the  second  volume  of 

1  Address,  No.  1140  Woodward  Building,  Washington,  D.  C. 
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Professor  Hackett's  Historical  Documents  relating  to  New  Mexico,  and  to  the 
second  volume  of  Dr.  Stock's  Proceedings  and  Debates.  Mr.  J.  N.  Bourne 
served  efficiently  as  an  additional  copyist  from  the  middle  of  April  till  the  end 
of  June.  Others  outside  of  our  regular  staff  who  assisted  in  the  work  of  the 
Department  during  the  year  were  Mr.  Abel  Doysi6,  of  Paris,  Miss  Ruth  A. 
Fisher,  of  London,  and  Miss  Irene  A.  Wright,  of  Seville,  whose  abundant 
knowledge  of  the  archival  materials  in  their  respective  cities  of  residence,  and 
their  faithful  and  scholarly  execution  of  all  tasks  placed  in  their  hands,  make 
their  services  of  great  value  to  the  Department. 

The  officials  of  the  Library  of  Congress  have,  as  in  all  previous  years,  con- 
stantly aided  our  work  with  the  greatest  liberality.  Especial  thanks  are  due 
to  Dr.  Herbert  Putnam,  librarian;  to  Dr.  Charles  Moore,  chief  of  the  Division 
of  Manuscripts,  and  to  Dr.  John  C.  Fitzpatrick  of  that  division;  and  to  Lieut. 
Col.  Lawrence  Martin  of  the  Map  Division.  Grateful  recognition  is  also 
made  of  the  courtesy  shown  by  the  library  of  Harvard  University  in  facilitat- 
ing the  work  of  Miss  Donnan,  by  the  Virginia  State  Library  and  that  of  the 
Circuit  Court  of  Appeals  in  Richmond  in  affording  to  Mrs.  Catterall  special 
opportunities  for  her  work;  by  Mr.  Otis  G.  Hammond,  of  the  New  Hampshire 
Historical  Society,  and  Miss  Mabel  L.  Webber,  of  the  South  Carolina  His- 
torical Society,  and  by  the  authorities  of  the  British  Museum,  the  Public 
Record  Office  in  London,  the  libraries  and  archives  of  Paris,  and  the  Archivo 
General  de  Indias  in  Seville. 

With  some  miscellaneous  exceptions,  the  operations  of  the  Department  can 
be  classified  as  consisting  either  in  the  finding  and  listing  of  materials  for 
American  history  and  the  provision  of  aids  to  their  use,  or  as  consisting  in  the 
full  presentation  in  print  of  selected  portions  of  those  materials.  In  accord- 
ance with  this  classification  and  with  the  custom  of  previous  years,  the  work 
of  the  year  will  be  described  under  the  three  headings:  (1)  Reports,  Aids,  and 
Guides;  (2)  Textual  Publications  of  Documents;  (3)  Miscellaneous  Operations. 

REPORTS.  AIDS  AND  GUIDES 

One  volume  of  this  sort  was  issued  by  the  Department  during  the  year,  a 
Calendar  of  Manuscripts  in  Paris  Archives  and  Libraries  relating  to  the  History 
of  the  Mississippi  Valley,  to  1803,  volume  I,  the  first  of  two  volumes  embraced 
under  that  title.  This  work  did  not  originate  with  the  Department,  but  was 
first  undertaken,  at  the  instance  of  historical  societies  in  the  Mississippi 
Valley  and  official  historical  agencies  of  states  in  that  area,  by  a  committee 
of  the  American  Historical  Association,  and  was  taken  over  by  the  Institution 
when  the  means  that  could  be  supplied  by  those  agencies  were  found  inade- 
quate to  its  completion.  The  plan,  formed  with  a  view  toward  systematic 
exploitation  of  the  Paris  archives  and  libraries  in  respect  of  the  history  of  the 
Mississippi  Valley,  and  toward  avoidance  of  duplication  of  effort,  con- 
templated the  preparation  of  a  calendar  or  itemized  descriptive  list  of  all 
the  manuscript  documents  relating  to  the  Mississippi  Valley,  or  any  part  of 
it,  which  were  to  be  found  in  those  repositories.  Under  the  general  super- 
vision of  Mr.  Leland  the  necessary  notes  were  taken  in  Paris  from  the  manu- 
scripts themselves.  They  were  then  edited,  with  extraordinary  industry 
and  devotion,  by  Mrs.  N.  M.  Miller  Surrey,  and,  after  the  arrival  of  the  slips 
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in  Washington,  were  carefully  revised  by  Mr.  Parker,  and  copied,  the  first 
half  by  Mr.  W.  A.  Conkright  and  the  second  half  by  Mr.  Bourne.  It  was 
resolved  to  reproduce  the  work  by  planograph  rather  than  by  print,  partly 
because  planograph  reproduction  (from  a  typewritten  text)  avoids  typograph- 
ical errors  and  corrections,  partly  because  that  method  was  much  more 
economical  in  the  case  of  a  book  which,  since  its  use  would  be  confined  to  a 
moderate  number  of  institutional  libraries,  required  only  a  small  edition. 
An  edition  of  125  copies  of  the  first  volume  was  accordingly  produced,  "pri- 
vately printed,"  of  which  nearly  a  hundred  have  been  distributed,  to  libraries 
of  the  class  indicated  above,  and  to  a  few  individuals.  This  volume  catalogs 
and  describes,  in  the  manner  usual  to  calendars,  about  11,500  original  docu- 
ments of  the  period  prior  to  1740,  illustrating  the  history,  in  the  period  of 
French  domination,  of  the  whole  region  from  Louisiana  northward  to  Canada. 
It  can  not  fail  to  supply  a  more  correct  and  substantial  basis  for  that  history, 
and  to  reveal  to  investigators  a  large  number  of  documents  hitherto  unknown. 
The  second  volume,  listing  and  describing  a  nearly  equal  number  of  documents 
for  the  period  extending  from  1740  to  1803,  has  been  completed  in  typewritten 
manuscript  and  is  ready  for  the  application  of  the  planograph,  awaiting  only 
the  preparation  of  the  needful  index  to  the  two  volumes. 

The  Guide  to  the  Materials  for  American  History  in  Dutch  Archives  was 
much  advanced  by  the  work  of  Professor  Pahlow,  who  reduced  to  order  and 
to  a  definite  text  most  portions  of  the  notes  not  already  thus  reduced.  Not  a 
great  amount  of  work  remains  to  be  done  in  order  to  complete  the  manuscript 
of  this  volume;  but  the  lapse  of  time  since  the  notes  were  taken  in  the  Dutch 
archives  will  make  it  necessary  to  seek  revision  in  certain  portions  in  order 
to  bring  the  text  up  to  date  at  the  time  of  its  publication. 

The  long  and  arduous  labors  which  Mr.  Leland  has  applied  to  the  making 
of  his  Guide  to  the  Manuscript  Materials  for  American  History  in  Paris  Archives 
and  Libraries  had  been  brought,  by  the  end  of  the  year  reported  upon,  to  a 
completion  so  far  as  one  volume  is  concerned,  and  nearly  to  a  completion  in 
the  case  of  the  other  two.  Of  the  three  volumes  of  which  the  work  will 
consist,  two  relate  to  the  manuscripts  in  the  public  archives  in  Paris  and  one 
to  the  manuscripts  in  the  various  Parisian  libraries.  It  is  this  latter  volume 
which  has  been  completed,  and,  though  it  will  be  numbered  volume  III,  it  is 
planned  to  publish  it  first,  as  soon  after  the  return  of  Mr.  Parker  to  Washing- 
ton in  the  autumn  as  its  final  preparation  for  the  printer  can  be  achieved. 
Its  itemized  descriptions  of  manuscript  volumes  and  parts  of  volumes  will 
embrace  not  only  whatever  relates  to  the  history  of  Louisiana  and  other  states 
once  included  in  the  American  empire  of  France,  but  whatever  relates  to  any 
portions  of  the  United  States  and  of  Canada.  The  volumes  relating  to  the 
French  archives  will  have  a  similar  scope,  though  pains  will  of  course  be  taken 
to  avoid  duplication  of  guidance  already  presented  adequately  in  the  Reports 
of  the  Public  Archives  of  Canada. 

The  materials  for  the  Department's  Guide  to  the  Materials  for  American 
History  in  the  Scandinavian  Archives  were  obliged  to  lie  throughout  the  year 
in  their  existing  status,  without  advancement  toward  publication,  but  arrange- 
ments were  concerted  by  which,  through  the  assistance  of  Mr.  Gunnar  J. 
Malmin,  preparations  toward  their  publication  could  be  begun  immediately 
after  the  end  of  the  year  reported  upon. 
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It  is  a  pleasure  to  report  that,  in  the  very  last  days  of  June,  the  maps 
and  letter-press  of  the  Atlas  of  the  Historical  Geography  of  the  United  States 
were  completed  by  Dr.  Paullin,  and  presented  to  the  office  of  publication  of 
the  Institution.  Dr.  Paullin  during  the  year  had  concluded  the  preparation 
or  revision  of  a  variety  of  maps  in  the  section  illustrating  cartographical 
development  and  in  the  sections  illustrative  of  physical  factors  in  American 
history  and  of  industrial  development.  Many  last  adjustments  were  made, 
especially  in  cases  where  the  lapse  of  time  during  the  preparation  of  the  Atlas 
had  put  some  of  the  earlier  maps  out  of  date,  or  had  brought  acquisitions  of 
new  knowledge.  Dr.  Paullin  also  revised  and  edited  the  text  for  the  volume 
of  letter-press  which  will  accompany  the  Atlas.  In  all  work  of  map-making 
he  had,  as  in  previous  years,  the  valued  assistance  of  Mr.  J.  B.  Bronson, 
draughtsman  in  the  Navy  Department.  Dr.  Paullin  also,  as  representative 
of  the  Department  in  the  matter  of  exhibits,  expended  much  time  and 
thought  in  preparing  its  section  of  the  Institution's  annual  exhibition  of 
December  1926. 

TEXTUAL  PUBLICATIONS  OF  DOCUMENTS 

In  this  second  field  of  the  Department's  activities,  four  volumes  were  pub- 
lished during  the  year.  At  the  end  of  September  the  Institution  published 
the  first  of  its  volumes  intended  to  illustrate  the  history  of  slavery  in  the 
United  States,  namely,  volume  I  of  Judicial  Cases  concerning  American 
Slavery  and  the  Negro  (Publication  No.  374  of  the  Institution),  edited  by  Mrs. 
R.  C.  H.  Catterall.  This  volume  of  xiv  +  508  pages  was  sufficiently  described 
in  last  year's  Report  (page  92) .  An  estimate  of  its  merits  and  usefulness  will 
be  found  in  the  American  Historical  Review  (XXXII,  330),  where  it  is  author- 
itatively reviewed  by  Professor  U.  B.  Phillips,  of  the  University  of  Michigan. 
During  the  course  of  the  year  Mrs.  Catterall  has  completed  her  work  in  the 
North  Carolina  judicial  reports,  and  most  of  that  which  is  to  be  done  in  those 
of  Tennessee.  As  her  work  in  respect  to  those  of  South  Carolina  is  already 
finished,  most  of  the  manuscript  for  her  second  volume  is  now  written. 

The  second  of  the  four  volumes  mentioned  was  volume  II  of  the  Historical 
Documents  relating  to  New  Mexico,  Nueva  Vizcaya,  and  the  Approaches  Thereto 
(Pub.  No.  330),  edited  by  Professor  Charles  W.  Hackett,  a  volume  of  xi+497 
pages,  published  at  the  end  of  December.  The  documents  in  this  volume 
relate  to  the  history  of  Nueva  Vizcaya  in  the  seventeenth  century.  They 
are  presented,  like  the  documents  in  the  first  volume,  in  the  Spanish  text  of 
the  papers  found  by  the  late  Dr.  Adolph  Bandelier  and  Mrs.  Bandelier  in 
the  Archives  of  the  Indies  at  Seville,  and,  on  corresponding  pages  opposite,  in 
English  translation,  carefully  prepared  under  the  supervision  of  Professor 
Hackett.  Taken  in  connection  with  the  editor's  elaborate  and  careful 
introduction,  they  cast  a  flood  of  light  on  the  history  of  northern  Mexico 
during  the  seventeenth  century.  An  appendix,  prepared  by  the  Director  of 
the  Department,  presents  facsimiles  and  texts,  translations  and  commentaries, 
of  manuscripts  in  French,  almost  miraculously  surviving  and  now  preserved 
in  the  Spanish  archives  named,  which  are  the  only  remaining  relics  in  manu- 
script of  La  Salle's  unfortunate  expedition  in  Texas. 

The  third  volume  alluded  to,  published  in  January,  is  volume  II  of  the 
Correspondence  of  Andrew  Jackson  (Pub.  No.  371),  a  volume  of  xxx+449 
pages  edited,  like  its  predecessor,  by  Professor  John  S.  Bassett,  of  Smith 
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College.  Its  value  and  workmanship  are  estimated  in  a  review  by  Professor 
St.  George  L.  Sioussaat,  of  the  University  of  Pennsylvania,  in  the  American 
Historical  Review  (XXXII,  898).  The  letters  embraced  in  this  volume  run 
from  May  1,  1814,  the  date  at  which  Jackson  became  a  major-general  in  the 
United  States  Army,  to  the  end  of  the  year  1819.  Thus  the  period  illustrated 
by  the  258  letters  of  Jackson  and  the  206  letters  addressed  to  him  which  are 
contained  in  this  volume,  is  the  period  embracing  his  operations  against 
Pensacola  and  the  campaign  for  the  defense  of  New  Orleans,  his  history  as 
commander  of  the  Seventh  Military  District,  and  his  whole  conduct  of  military 
affairs  in  Florida  in  1815  and  1819.  The  texts  of  the  letters  are  of  course 
presented  exactly  as  they  are  found  in  the  manuscript,  as  respects  expression, 
spelling,  and  punctuation,  and  thus  exhibit  accurately  the  state  of  mind  and 
of  education  of  Jackson  and  his  correspondents,  as  well  as  the  interesting  and 
important  events  with  which  they  were  concerned. 

Fourthly,  the  Institution  published  in  February  the  second  volume  of  Dr. 
Stock's  Proceedings  and  Debates  of  the  British  Parliaments  respecting  North 
America  (Pub.  No.  338),  a  volume  of  xv+564  pages.  This  volume  extends 
from  the  revolution  of  1689  and  the  accession  of  William  and  Mary  to  the  end 
of  the  last  Parliament  of  William  III  and  to  his  death  in  March  1702.  It 
embraces  the  American  transactions  of  the  English,  Scottish,  and  Irish 
Parliaments  alike,  and  includes  proceedings  (derived  from  the  Journals), 
documents  emanating  from  either  house  of  Parliament  or  presented  to  either, 
and  whatever  records  of  debates  have  been  found  in  England  or  in  this 
country.  Except  for  the  portions  of  time  occupied  with  the  page-proofs  of 
this  volume,  Dr.  Stock  has  devoted  himself  to  the  preparation  of  manuscript 
for  the  third  volume.  By  the  end  of  the  period  reported  upon  he  had  brought 
his  text  nearly  to  the  end  of  the  year  1713.  The  actions  of  Queen  Anne's 
English  Parliaments  and  Parliaments  of  Great  Britain  embraced  in  this 
volume  concern  a  wide  variety  of  American  topics,  foremost  among  them  the 
affairs  of  the  Royal  African  Company,  but  including  also  legislation  respecting 
the  General  Post  Office,  American  trade,  naval  stores,  incidents  of  warfare, 
and  the  American  aspect  of  the  negotiations  at  Utrecht. 

Miss  Davenport  has  advanced  her  European  Treaties  bearing  on  the  History 
of  the  United  States  in  two  ways.  First,  by  the  completion  of  work  upon  five 
treaties,  or  such  portions  of  them  as  concern  America.  These  are  the  treaties 
numbered,  in  her  arrangement,  from  97  to  101 :  the  treaty  between  England 
and  France  for  the  suspension  of  arms,  August  and  December  1712,  her  intro- 
duction to  which  covers  the  negotiations  at  Utrecht  through  the  year  named; 
the  treaty  between  England  and  Spain  respecting  the  Asiento,  March  26, 
1713;  the  Anglo-Spanish  preliminary  treaty  of  peace,  March  27;  the  treaty 
of  peace  between  Great  Britain  and  France,  April  11;  and  the  treaty  of  com- 
merce between  them,  signed  on  the  same  day.  On  estimation  of  the  amount 
of  matter  prepared  for  the  period  from  1648,  the  date  at  which  her  first  volume 
ended,  to  1713  (sixty-one  treaties  against  the  forty  embraced  in  volume  I), 
it  has  been  concluded  that  the  matter  thus  prepared,  plus  one  or  two  treaties 
of  1714  or  1715  yet  to  be  added  as  adjuncts  to  the  Utrecht  settlement,  will 
most  advisably  be  made  to  constitute  two  volumes  rather  than  one.  The 
second  portion  of  Miss  Davenport's  activities  has  accordingly  consisted  in 
the  revision  of  the  earlier  parts  of  what  will  now  constitute  volume  II  of  her 
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series.  At  the  beginning  of  the  year  she  also  prepared  a  paper  on  English 
Colonial  Expansion,  1700-1715,  read  in  London  before  the  Anglo-American 
Conference  of  Historians  in  July  1926. 

The  manuscript  of  the  fourth  volume  of  Dr.  Burnett's  Letters  of  Members  of 
the  Continental  Congress  was  presented  to  the  Institution  in  May,  and  soon 
sent  to  the  printer,  from  whom  fifty-two  galleys  of  the  volume  had  been 
received  before  the  end  of  June.  The  volume  will  be  of  almost  exactly  the 
same  size  as  volume  III,  and,  like  that  volume,  will  be  composed  of  the  letters 
of  a  single  year,  the  year  1779.  It  will  be  a  volume  of  551  pages  of  text, 
including  703  letters,  edited  in  the  manner  which  Dr.  Burnett  has  made 
familiar  to  students  of  the  period.  Dr.  Burnett  had  also,  by  the  end  of  June, 
nearly  completed  the  materials  for  the  first  half  of  the  year  1780,  which  are  to 
constitute  the  first  part  of  his  fifth  volume. 

In  the  two  months  which  Miss  Donnan  was  able  to  devote  to  her  slave- 
trade  volumes,  at  Cambridge,  in  the  summer  of  1926,  she  carried  out,  from 
the  early  part  of  the  eighteenth  century  to  about  1770,  her  annotation  of 
documents  already  secured,  filled  in  certain  gaps  which  remained  in  the 
documentation  of  earlier  periods,  and  examined  many  journals  and  rare 
pamphlets,  in  the  search  for  additional  material.  After  what  could  be  done 
in  the  summer  of  1927,  a  year's  leave  of  absence  to  which  she  will  be  entitled 
in  the  academic  year  1928-1929  will  enable  her  to  finish  her  highly  important 
work. 

MISCELLANEOUS  OPERATIONS 

As  heretofore,  the  editing  of  the  American  Historical  Review  has  been  car- 
ried on  in  the  office  of  the  Department  and  by  its  staff,  mainly  by  the  Director 
and  Miss  McKee,  with  the  aid  of  Dr.  Burnett  in  one  section.  Various  help 
has  been  given  to  the  American  Historical  Association  and  other  historical 
societies,  especially  in  respect  to  investigations  in  Washington  archives,  and 
many  questions  raised  by  American  historical  scholars  and  other  inquirers 
have  been  answered  with  such  success  as  the  familiarity  of  the  staff  with 
Washington  resources  permitted.  In  addition  to  the  maintenance  of  such 
correspondence,  the  Director  has  served  as  chairman  of  two  committees  of 
the  American  Historical  Association,  having  especial  concern  with  local 
opportunities,  namely,  its  committee  on  the  National  Archives  and  its  com- 
mittee on  the  Documentary  Historical  Publications  of  the  United  States 
Government. 

The  Director  has  also  continued  to  serve  as  the  chairman  of  the  Committee 
of  Management  of  the  proposed  Dictionary  of  American  Biography,  and  is  one 
of  the  two  representatives  of  the  American  Historical  Association  in  the 
American  Council  of  Learned  Societies.  He  has  also  done  some  work  as  a 
member  of  a  committee  instituted  by  that  Council  to  study,  with  more  sci- 
entific care  than  has  been  exercised  hitherto,  the  question  of  the  national 
origins,  in  numerical  proportions,  of  the  population  of  the  United  States. 
He  has  served  as  chairman  of  a  committee  formed  by  the  International 
Committee  of  Historical  Sciences  to  prepare  for  the  use  of  all  students  of 
diplomatic  history  a  manual  of  lists  of  ambassadors  and  other  diplomatic 
representatives  of  all  governments  to  all  governments,  since  1548.  Mr. 
Leland  has  been  a  representative  of  the  American  Antiquarian  Society  in 
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the  same  Council.  His  residence  in  Paris  and  his  especial  gifts  have  enabled 
him  also  to  render  important  services  to  the  International  Committee  of 
Historical  Sciences,  of  which  he  is  treasurer,  and  in  whose  meetings  he  has 
borne  an  important  part.  He  has  also  served  as  chairman  of  the  American 
Historical  Association's  committee  preparatory  to  the  next  International 
Historical  Congress,  to  be  held  at  Oslo  in  August  1928.  Dr.  Stock  has,  as 
usual,  given  courses  of  historical  instruction  in  the  Catholic  University  of 
America,  has  helped  in  the  editing  of  the  Historical  Outlook,  and  has  acted  as 
recording  secretary  of  the  American  Historical  Association. 


DEPARTMENT  OF  MERIDIAN  ASTROMETRY1 

Benjamin  Boss,  Director 

The  tendency  toward  interlocking  of  the  various  sciences  becomes  more 
manifest  yearly.  As  a  recent  instance  of  new  points  of  contact,  astronomers 
have  unearthed  evidence  of  a  variation  in  the  rate  of  rotation  of  the  Earth  on 
its  axis.  This  implies  forces  acting  upon  and  within  the  Earth.  Therefore, 
as  soon  as  the  astronomical  evidence  is  thoroughly  sifted  and  interpreted,  a 
new  field  will  be  opened  to  the  geophysicist.  While  this  Department  has  not 
deliberately  undertaken  a  study  of  the  phenomenon,  considerable  evidence 
bearing  upon  it  has  been  gathered  in  the  course  of  an  investigation  primarily 
intended  to  clear  up  another  matter.  This  new  evidence  distinctly  alters  our 
views  as  to  the  nature  of  the  disturbing  cause,  because  it  is  demonstrated  that 
not  only  does  the  rate  of  rotation  of  the  Earth  vary  over  a  long  period  of  years, 
but  there  is  also  a  yearly  and  a  monthly  periodicity.  The  existence  of  yearly 
and  monthly  variations  most  probably  arises  from  a  diurnal  change  in  the 
rate  of  rotation  of  the  Earth.  While  no  direct  proof  of  a  diurnal  variation 
exists,  there  is  circumstantial  evidence  to  support  it.  Direct  tests  are  planned 
which  may  clear  up  the  astronomical  evidence  and  pave  the  way  for  the  geo- 
physical tests.  Though  we  can  only  speculate  at  present,  what  evidence  we 
have  indicates  that  tidal  action  upon  the  body  of  the  Earth  may  account  for 
the  observed  phenomena.  It  is  also  reasonable  to  suppose  that  correlations 
may  be  found  between  frequency  of  seismic  disturbances  and  variability  in 
the  Earth's  rotation,  since  the  forces  producing  a  change  in  the  rate  of  rota- 
tion of  the  Earth  will  create  changes  in  its  figure. 

REDUCTIONS  OF  OBSERVATIONS 
Albany  Right-Ascensions 

The  East  minus  West,  pivot,  personal  and  clock  corrections  have  been 
applied  to  the  remaining  30  per  cent  of  the  duplicate  copy  of  the  reduction 
sheets.  The  final  right-ascensions  have  been  formed  and  checked.  These 
have  now  been  drawn  off  on  to  the  two  sets  of  cards  preparatory  to  forming 
the  mean  right-ascensions  for  each  star.  The  mean  dates  have  been  formed 
in  duplicate  for  over  20,000  stars  and  were  checked.  In  addition,  preliminary 
places  for  10,000  stars  have  been  formed  as  the  arguments  for  computing  the 
precessions  and  secular  variations  for  each  star.  7,000  precessions  and  3,500 
secular  variations  have  been  computed  in  duplicate,  checked  and  entered 
upon  the  cards. 

Albany  Declinations 

In  continuation  of  the  attempt  to  ascertain  the  necessary  corrections  to 
reduce  the  observations  of  each  observer,  in  each  position  of  the  instrument, 
to  a  homogeneous  system  that  will  be  as  nearly  as  possible  the  undistorted 
mean  of  all,  a  primary  cause  of  some  of  the  larger  deviations  has  been  found 
to  be  due  to  a  change  in  personality  through  a  variation  in  the  method  of 
observing.  During  the  years  1907  and  1908  bisection  in  zenith  distance  was 
made  between  a  pair  of  parallel  wires,  but  for  the  subsequent  work  a  single 
inclined  wire  was  used.     This  introduced  a  distinct  change  in  personality. 

1  Address :  Dudley  Observatory,  Albany,  New  York. 
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Taking  this  change  into  consideration  will  greatly  aid  in  avoiding  distortion. 
The  whole  material  is  now  in  an  advanced  stage  of  reduction  and  rapid  prog- 
ress is  being  made  toward  a  catalog  that  will  be  final,  except  for  the  possibility 
of  the  introduction  of  terms  in  the  refraction  varying  with  the  third  and 
fifth  powers  of  the  tangent  of  the  zenith  distance. 

In  the  reduction  of  Professor  Flint's  observations,  the  troubles  with  the 
printing  chronograph  have  made  necessary  considerable  scrutiny  of  the 
original  transits.  In  the  routine  reductions,  the  computations  of  refraction 
and  apparent  place  corrections  are  well  started. 

Diurnal  Term 

In  Table  A  Varnum  exhibits  the  effect  upon  transits  due  to  the  time  of  day 
at  which  the  observation  was  taken.  Apparently  a  certain  amount  of  per- 
sonality is  involved.  The  table  gives  the  mean  results.  It  might  be  expected 
that  an  abrupt  change,  taking  place  with  the  rapid  change  in  sky  illumination 


Table  A— 

-Diurnal  corrections 

to  transits 

M.  T. 

Roy 

Varnum 

Albrecht 

1907-13 

1915-18 

1907-13 

1915-18 

1915-18 

h 

s 

s 

8 

s 

s 

0 

-0 

.022 

+0  .002 

-0.016 

-0 

.008 

-0 

.024 

1 

— 

.018 

+ 

.002 

-    .025 

— 

.012 

— 

.007 

2 

— 

.007 

+ 
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-    .024 
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.009 

— 

.005 

3 

+ 

.005 

+ 

.010 

-    .010 
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.004 

— 

.007 

4 

+ 

.019 

+ 
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+    .012 
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.018 

+ 

.003 

5 

+ 

.030 

+ 

.023 

+    .013 

+ 

.024 

+ 

.017 

6 

+ 

.033 

+ 

.021 

-    .005 

+ 

.022 

+ 

.022 

7 

+ 

.029 

+ 

.014 

-    .018 

+ 

.015 

+ 

.020 

8 

+ 

.021 

+ 

.004 

-    .013 

+ 

.006 

+ 

.012 

9 

+ 

.015 

— 

.006 

.000 

+ 

.001 

+ 

.015 

10 

+ 

.010 

— 

.011 

+    .012 

+ 

.005 

+ 

.021 

11 

+ 

.006 

— 

.017 

+    .019 

+ 

.005 

+ 

.022 

12 

.000 

— 

.017 

+    .021 

— 

.006 

+ 

.025 

13 

— 

.012 

— 

.014 

+    .017 

— 

.015 

+ 

.031 

14 

— 

.029 

— 

.008 

+    .008 

— 

.008 

+ 

.031 

15 

— 

.039 

— 

.001 

.000 

.000 

+ 

.022 

16 

— 

.032 

+ 

.002 

-    .004 

— 

.006 

+ 

.008 

17 

— 

.015 

+ 

.002 

-    .005 

— 
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— 

.008 

18 

— 

.007 
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.002 

-    .004 
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.015 

— 

.020 

19 

— 

.004 

+ 

.002 

-    .002 
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.008 

— 

.028 

20 

.000 

+ 

.002 

+    .004 

— 

.004 

— 

.029 

21 

+ 

.009 

+ 

.002 

+    .010 

.000 

— 

.032 

22 

+ 

.002 

+ 
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+    .007 

+ 
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— 

.040 

23 

— 

.018 

+ 

.002 

-    .005 

— 

.002 

— 

.024 

occurring  at  dawn  and  at  dusk,  would  be  smoothed  out  by  the  table,  as  sun- 
rise and  sunset  take  place  at  different  hours  according  to  the  time  of  year. 
As  a  test,  the  observations,  corrected  by  the  tabular  values  of  the  diurnal 
term,  were  grouped  according  to  the  interval  preceding  or  following  dusk  or 
dawn.  No  evidence  of  a  break  was  shown.  There  appears  to  be  a  slight 
increase  in  the  probable  error  of  a  transit  as  noon  is  approached. 
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Probable  Errors  of  Albany  Transits 

In  Table  B  Varnum  shows  the  dependence  of  the  probable  error  of  a  single 
transit  upon  declination.  The  regular  increase  in  the  size  of  the  probable 
error  with  increasing  distance  from  the  pole  is  even  more  marked  when  the 

Table  B — Probable  errors  of  Albany  transits 


Zone 

No.  Obs. 

pe.Xcos  5 

+54°  S. 

P.  to  +73°  S.  P. 

193 

s 
±0.026 

+73   S. 

P.  to  Pole 

105 

.017 

Pole 

to  +73 

108 

.015 

+73 

to  +54 

221 

.019 

+54 

to  +30 

186 

.020 

+30 

to  —30 

710 

.022 

-30 

to  —40 

233 

.029 

All 

1,756 

±.022 

material  is  divided  into  narrow  zones.     Excluding  stars  whose  zenith  distance 
is  more  than  75°,  the  probable  error  of  a  single  transit  is  ±0.020  sec  5. 

Comparison  of  Albany  and  San  Luis  Right  Ascensions 

For  the  broad  zone  common  to  the  Albany  and  San  Luis  observations  Var  - 
num  has  formed  differences  between  the  two  catalogs,  arranged  according  to 
groupings  in  right-ascension  and  declination.  These  differences  are  repre- 
sented by  the  following  formula:  +0?0272  tan  5  -0S0028  sin  a  tan  8  -0S0004 
cos  a  tan  8  -0S0036  sec  8  +0S0021  sin  a  sec  8  -0S0026  cos  a  sec  8. 

Previous  tentative  comparisons  of  the  Albany  and  San  Luis  right-ascensions 
with  those  of  the  Preliminary  General  Catalogue  indicated  that  half  of  the 
above  correction  might  safely  be  assumed  to  apply  to  the  Albany  observa- 
tions, and  minus  half  to  the  San  Luis.  The  large  tan  5  term  represents  the 
adjustment  at  the  poles  forced  by  the  combination  of  the  Albany  and  San 
Luis  observations  in  the  zone  extending  from  declination  +50°  to  —40°. 
The  sec  5  term  was  introduced  to  represent  any  constant  angular  deviation  of 
the  two  systems.  Correcting  the  differences  between  the  two  catalogs  by 
the  formula  above,  the  probable  error  of  fitting  a  single  1°  zone  is  found  to  be 
±0.0068. 

Applying  the  derived  corrections  to  all  the  stars  of  the  two  catalogs,  the 
revised  positions,  combined  in  the  zone  common  to  both,  were  compared 
with  the  right-ascensions  of  the  Preliminary  General  Catalogue.  A  solution 
of  the  residuals  gave  as  the  systematic  correction  to  the  Preliminary  General 
Catalogue:  -0?0087tan5  +0s0048sinatan5  -0s0108cosatan5  +0?0295sec5+ 
0?0035  sin  a  sec  8  +0S0080  cos  a  sec  8. 

Correcting  residuals  for  this  additional  term  a  further  solution  of  the  form 
C  +  A  sin  a  +  B  cos  a  was  made.  This  gave  -  0?030  -  0S012  sin  a  +0D01  cos  a. 
Combining  the  two  equations  representing  corrections  to  the  Preliminary 
General  Catalogue  for  the  equatorial  zone,  the  periodic  correction  in  right- 
ascension  becomes  —  0?008  sin  a  +0S009  cos  a.  Treating  the  observations 
by  zonal  areas  the  probable  error  of  fitting  a  single  area  is  ±0.0062  sec  8. 
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A  test  solution  was  also  made  to  reveal  any  striking  differences  due  to 
spectral  type  but,  considering  the  probable  error  of  the  solutions,  nothing 
notable  was  found. 

MISCELLANEOUS  INVESTIGATIONS 
Variation  in  the  Rate  of  Rotation  of  tee  Earth 

Following  investigation  of  the  declination  system  of  the  Preliminary 
General  Catalogue,  the  right-ascensions  have  been  examined  with  a  view  to 
possible  alterations  in  the  system.  During  the  past  few  years  evidence  has 
been  accumulating  of  a  marked  correction  to  the  right-ascensions  of  the 
Preliminary  General  Catalogue  depending  upon  right-ascension.  The  in- 
dicated corrections  are  too  great  to  be  neglected  in  the  formation  of  the 
General  Catalogue.     Consequently  the  subject  has  been  under  investigation. 

In  the  first  place  all  the  material  bearing  upon  the  periodic  annual  term 
was  collected  for  those  catalogs  contained  in  the  Preliminary  General  Catalogue 
and  to  this  material  was  added  the  periodic  term  from  the  later  catalogs. 
When  arranged  chronologically  a  systematic  trend  of  the  annual  term  became 
apparent.  In  view  of  the  fact  that  the  Pulkova  observations,  which  were 
most  thoroughly  treated,  did  not  evidence  any  such  trend,  it  has  been  assumed 
that  the  earlier  Greenwich  catalogs  are  at  fault.  An  examination  of  the 
methods  employed  at  Greenwich  in  reducing  their  observations,  however, 
revealed  no  reason  for  such  a  belief.  As  for  the  negative  results  furnished  by 
the  Pulkova  catalogs  it  was  found  that  their  rigorous  method  of  treating  the 
observations  had  eliminated  any  existing  seasonal  term.  It  was  therefore 
assumed  that  the  large  seasonal  effects  evidenced  by  the  earlier  Greenwich 
catalogs  are  real. 

Investigation  shows  that  the  change  in  the  seasonal  effect  follows  the 
Moon's  minor  fluctuations.  It  has  previously  been  pointed  out  that  the  Sun, 
Moon,  Venus,  Mercury  and  Mars  are  subject  to  secular  changes  in  position 
arising  from  the  same  source,  and  this  source  has  been  traced  to  the  variable 
rate  of  rotation  of  the  Earth.  Evidence  from  the  star  observations  is  now 
added.  Moreover  a  step  further  has  been  taken  in  tracing  the  source  of 
the  disturbance  for,  whereas  a  secular  change  of  rotation  of  the  Earth  was 
assumed  to  furnish  the  cause  for  the  secular  changes  in  the  positions  of  the 
bodies  above  mentioned,  the  evidence  from  the  star  observations  indicates 
at  least  an  annual  change  in  the  rate  of  rotation  of  the  Earth,  with  a  secular 
change  in  the  amount  of  the  annual  variation. 

A  seasonal  change  may  be  produced  either  by  a  true  seasonal  variation  or  by 
a  diurnal  variation.  If  there  were  a  change  in  the  rate  of  rotation  of  the 
Earth  following  a  daily  course,  the  effect  should  produce  a  monthly  variation 
in  the  position  of  the  Moon.  Investigation  of  Moon  observations  over  an 
extended  period  gave  definite  evidence  of  such  a  variation.  Therefore  the 
facts  point  strongly  to  a  daily  change  in  the  rate  of  rotation  of  the  Earth. 
The  existence  of  a  diurnal  term  in  clock  corrections  lends  further  corrobora- 
tion. It  is  difficult  to  arrive  at  definite  numerical  results  for  the  diurnal 
variation  in  rotation  of  the  Earth  from  clock  corrections  because  other  factors 
enter  to  produce  the  observed  corrections,  but  the  matter  will  be  further 
investigated. 
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For  the  present  the  physical  cause  of  the  variation  in  the  rate  of  rotation  of 
the  Earth  must  be  largely  speculative.  It  is  interesting,  however,  to  see 
whether  any  evidence  of  physical  sources  may  be  suggested.  The  two  most 
likely  explanations  point  to  pulsation  and  to  tidal  effects.  While  exact  figures 
bearing  on  diurnal  effect  are  not  available,  it  seems  probable  that  pulsation 
must  be  ruled  out.  Apparently  ocean  tides  are  insufficient  to  account  for  the 
observed  effects.  These  effects  are  therefore  most  probably  due  to  tides 
upon  the  body  of  the  Earth.  Michelson's  experiments  have  shown  observa- 
tionally  that  such  tides  exist.  Furthermore,  if  tides  in  the  Earth's  crust  are 
appreciable  they  might  be  supposed  to  produce  periodic  seismic  activity  in 
those  regions  where  the  Earth's  crust  is  subject  to  frequent  tremors,  such  as 
Japan.  Omori,  treating  Japanese  earthquakes  from  1873  to  1899,  has  found 
annual  and  diurnal  variation  in  frequency.  These  periodic  changes,  though 
differing  in  phase,  were  found  to  be  correlated  to  periodic  changes  in 
barometer  and  tide-gage  records. 

As  far  as  the  investigation  bears  upon  the  right-ascensions  of  the  Prelim- 
inary General  Catalogue,  there  seems  to  be  no  immediate  reason  for  a  change 
of  system  due  to  the  source  of  error  arising  from  the  periodic  term,  partly 
because  the  subject  has  not  been  definitively  treated  and  partly  because  it  is 
evident  that  the  adopted  system  of  right-ascensions  is  fairly  free  from  errors 
due  to  this  cause,  as  the  positions  have  been  determined  from  a  group  of  stars 
which  in  large  part  have  been  observed  over  the  whole  day  and  throughout  a 
period  covering  the  complete  amplitude  of  the  secular  variation. 

Addition  to  Chandler's  Pond  Catalogue 

The  papers  of  Dr.  S.  C.  Chandler,  sent  after  his  death  to  the  Director  of  the 
Department,  contain  the  record  of  more  than  10,000  "double  altitude" 
observations  made  by  Pond  at  Greenwich  in  182 — ,  with  two  mural  circles 
observing  "direct"  and  "reflected"  at  the  same  transit.  About  two-thirds 
of  these  relate  to  36  stars  and  were  reduced  by  Chandler  for  use  in  his  investi- 
gations on  the  variation  of  latitude  in  1894.  The  resulting  declinations  of  34 
of  these  stars  were  later  published.  The  observations  of  57  other  stars  were 
found  to  have  been  completely  reduced.  Raymond  has  prepared  the  results 
for  publication  making  the  slight  changes  required  to  adapt  the  declinations 
to  the  system  of  the  Preliminary  General  Catalogue  and  Newcomb's  preces- 
sions, and  substituting  modern  values  of  the  orbital  motions  of  Sirius,  Procyon 
and  Castor  for  those  found  in  the  manuscript.  For  the  sake  of  completeness 
and  homogeneity  the  positions  of  the  36  stars  published  by  Chandler  were 
revised  on  the  same  basis  and  included  in  the  compilation. 

A  considerable  portion  of  the  added  stars  lie  near  the  equator  and  extend 
the  Chandler-Pond  system  from  declination  +6?0  to  — 16?5.  The  new  reduc- 
tions add  considerably  to  the  value  of  the  Pond  positions  which,  due  to  their 
age,  have  appreciable  weight  in  the  determination  of  the  errors  of  the  modern 
systems  of  proper-motions. 

The  K-tehm  in  Radial  Velocities 

It  was  pointed  out  by  Campbell  in  1910  that  the  mean  peculiar  radial 
velocity  of  the  stars,  talcing  account  of  sign,  did  not  vanish  as  it  should  if  the 
motions  were  at  random.     Rather  large  positive  values  of  this  quantity  in 
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spectral  classes  B,  K  and  M  seemed  to  point  to  a  real  effect,  which  was 
interpreted  by  some  investigators  as  evidence  of  an  expanding  universe. 
Wilson  has  shown  that  the  tripling  of  the  data  alone  since  1910,  with  its 
consequent  reduction  of  the  purely  statistical  errors,  has  practically  eliminated 
this  effect  from  all  the  spectral  classes  except  B,  in  which  class,  as  others  have 
shown,  several  causes  may  operate  to  produce  a  positive  mean  radial  velocity. 

Stellar  Wave-Lengths 

On  account  of  their  unusual  importance  in  relation  to  several  astrophysical 
problems  the  Class  B  stars  have  been  given  further  study  by  Albrecht. 
Several  additional  lines  have  been  identified  with  lines  of  known  origin  and 
the  problem  of  convection  currents  has  been  given  additional  attention. 
Under  a  cooperative  program  with  the  Yerkes  Observatory  the  first  install- 
ment of  20  recent  three-prism  spectrograms  of  Class  B  stars  has  been  com- 
pletely measured  and  reduced.  In  order  to  avoid  the  varying  intensity  and 
quality  of  north  skylight,  a  Palo  daylight  lamp  was  employed  as  light  source 
for  the  measures.  These  measures,  together  with  those  of  9  spectrograms 
of  later  type  stars,  have  been  used  in  the  construction  of  reduction  tables  on 
the  international  system  of  wave-lengths  on  4  slightly  different  dispersions, 
which  will  cover  probably  the  complete  range  in  dispersion  for  the  B  series  of 
Yerkes  three-prism  spectrograms.  A  study  was  made  of  the  titanium  com- 
parison spectra.  A  good  individual  agreement  with  Crew's  laboratory  wave- 
lengths was  obtained  for  the  great  majority  of  the  lines.  For  a  few  of  the 
strongest  comparison  lines,  large  systematic  deviations  from  the  system  as  a 
whole,  as  well  as  large  probable  errors,  showed  that  they  should  not  be 
included  among  the  reference  lines.  The  most  conspicuous  examples  are 
X4395.0  and  X4549.6,  which,  on  account  of  their  great  relative  intensity,  are 
usually  included  in  the  measures,  especially  when  the  comparison  spectra  are 
underexposed. 

STAFF 

The  director  has  been  engaged  in  investigations  of  certain  features  of  the 
system  of  right-ascensions  of  the  Preliminary  General  Catalogue.  Ralph  E. 
Wilson  and  Harry  Raymond  undertook  the  preparation  of  some  4,000  space 
motions  for  subsequent  study.  In  addition,  Mr.  Raymond  prepared  the  list 
of  Chandler's  additional  Pond  stars  for  publication  and  Dr.  Wilson  has  dis- 
cussed the  K-term  in  radial  velocities.  As  heretofore  Arthur  J.  Roy  has  been 
in  charge  of  the  reductions  of  the  Albany  observations  in  declination  and  the 
reductions  of  Flint's  observations.  William  B.  Varnum  has  continued  in 
charge  of  the  reductions  of  the  Albany  right-ascensions.  Sebastian  Albrecht 
has  continued  his  investigations  of  stellar  wave-lengths.  Heroy  Jenkins  and 
Sherwood  B.  Grant  have  assisted  Mr.  Roy  with  the  reduction  of  the  declina- 
tions. Miss  Isabella  Lange  has  continued  to  supervise  the  reductions  in 
right-ascension  under  the  direction  of  Mr.  Varnum. 

The  Misses  Grace  I.  Buffum,  Lillian  F.  Blanchard,  Marie  Lange,  Frances  L. 
McNeill,  Edith  W.  Davies,  Charlotte  Simmons  and  Helen  M.  Smith,  together 
with  a  number  of  piecework  computers,  have  constituted  the  computational 
staff. 
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A  notable  feature  of  the  work  of  the  past  year  has  been  the  progress  made 
in  bringing  together  the  results  of  some  of  the  larger  investigations  upon  which 
the  staff  of  the  Observatory  has  been  engaged  during  recent  years.  The 
revision  of  Rowland's  Table  of  Solar  Spectrum  Wave-lengths,  which  is  now 
more  than  one-half  completed,  will  contain  the  products  of  many  researches 
carried  on  in  the  physical  laboratory  in  addition  to  the  direct  results  of  spec- 
troscopic studies  of  the  sun.  Similarly,  great  progress  has  been  made  in  the 
compilation  and  preparation  for  publication  of  the  immense  amount  of  observa- 
tional material  dealing  with  the  polarities  of  sun-spots  and  sun-spot  groups 
obtained  during  the  last  sun-spot  cycle.  The  first  of  these  extensive  publica- 
tions should  prove  of  exceptional  value  to  those  engaged  in  solar  and  stellar 
spectroscopic  research,  while  the  second  will  provide  the  data  for  much  more 
complete  studies  of  the  magnetic  fields  in  sun-spots  than  have  been  made 
hitherto. 

The  successful  application  of  very  high  dispersion  to  the  study  of  the 
spectra  of  the  brighter  stars  is  beginning  to  yield  results  of  unusual  interest 
in  relation  to  the  behavior  of  groups  of  lines  whose  atomic  energy  levels  have 
been  analyzed  in  the  laboratory.  The  possibility  of  securing  stellar  spectra 
on  a  scale  comparable  with  that  used  for  the  sun  opens  many  new  fields  for 
investigation  in  the  atmospheres  of  the  giant  stars,  and  affords  opportunity 
for  direct  comparison  with  the  wealth  of  material  in  the  solar  spectrum. 

An  occasion  of  exceptional  interest  in  the  history  of  the  Observatory  was 
the  conference  held  early  in  February  to  consider  various  phases  of  the 
Michelson-Morley  ether-drift  experiment  and  its  bearing  on  the  theory  of 
relativity.  Among  those  present  were  Dr.  Michelson,  Dr.  Lorentz,  Dr. 
Epstein,  Dr.  Dayton  C.  Miller,  Dr.  Hedrick  and  Dr.  R,.  J.  Kennedy,  all  of 
whom  contributed  to  the  discussion,  both  from  the  experimental  and  the 
theoretical  side.  The  meeting  proved  of  great  value  in  bringing  together 
the  views  of  several  of  the  most  eminent  investigators  of  this  celebrated  prob- 
lem and  their  suggestions  for  further  improvements  and  refinements  in  the 
method  of  research. 

STAFF 

Dr.  George  E.  Hale,  Honorary  Director  of  the  Observatory,  has  given 
much  of  his  time  to  observations  of  the  sun  with  the  spectrohelioscope,  and 
to  the  development  and  improvement  of  this  important  instrument.  Dr. 
Walter  S.  Adams,  Director,  has  carried  on  the  administrative  work  of  the 
Observatory  and  has  continued  his  investigations  in  stellar  spectroscopy. 
Professor  Frederick  H.  Seares,  Assistant  Director,  has  shared  in  the  adminis- 
tration of  the  Observatory,  and  in  addition  to  editorial  supervision  of  the 
publications  has  conducted  researches  in  stellar  photometry  and  stellar 
statistics. 

Dr.  John  A.  Anderson  has  continued  his  studies  of  the  spectra  of  metals 
under  very  powerful  excitation  and  has  given  considerable  time  to  problems 
connected  with  Dr.  Michelson's  ether-drift  experiment  and  with  the  ruling 
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machine.  Dr.  Arthur  S.  King,  Superintendent  of  the  Physical  Laboratory, 
has  made  detailed  investigations  of  the  spectra  of  numerous  elements,  espe- 
cially the  rare  earths,  in  the  electric  furnace,  arc,  spark  and  high-current  arc. 
Dr.  Charles  E.  St.  John  has  devoted  much  of  his  time  to  the  preparation  of  the 
material  for  the  revision  of  Rowland's  Table  of  Solar  Spectrum  Wave-lengths 
and  has  also  carried  on  his  work  upon  the  solar  rotation  and  the  displacements 
of  the  solar  spectrum  lines.  Mr.  Harold  D.  Babcock  has  extended  his  meas- 
ures of  wave-length  to  the  infra-red  portion  of  the  solar  spectrum  and  has  made 
a  detailed  study  of  the  pressure  effect  for  the  iron  spectrum  with  interesting 
results.  Dr.  Paul  W.  Merrill  has  given  especial  attention  to  physical  studies 
of  the  spectra  of  red  stars  and  B-type  stars  with  bright  lines.  Dr.  Edwin 
Hubble  has  continued  his  photographic  and  photometric  observations  of 
nebulse  and  his  studies  of  variable  stars  involved  in  them.  Professor  Alfred 
H.  Joy,  Secretary  of  the  Observatory,  has  been  engaged  in  stellar  spectro- 
scopic investigations,  mainly  of  variable  stars.  Dr.  Seth  B.  Nicholson  has 
had  charge  of  the  regular  solar  observations  and  has  carried  on  investigations 
on  sun-spot  activity  and  its  relationship  to  terrestrial  magnetism.  Dr. 
Edison  Pettit  and  Dr.  Nicholson  have  made  regular  measurements  of  stellar 
and  planetary  radiation  with  the  thermocouple  on  the  100-inch  reflector. 
Dr.  Pettit  has  also  continued  his  observations  of  the  ultra-violet  radiation  of 
the  sun.  Dr.  Francis  G.  Pease  has  used  the  20-foot  interferometer  for  addi- 
tional measures  of  stellar  diameters  and  has  given  much  time  to  the  design  of 
optical  instruments  and  apparatus.  Dr.  Adriaan  van  Maanen  has  continued 
his  photographic  observations  of  the  parallaxes  and  proper  motions  of  stars 
and  the  separation  and  position  angles  of  visual  binaries.  Dr.  Roscoe  F. 
Sanford  has  given  most  of  his  time  to  the  investigation  of  interesting  types  of 
spectroscopic  binaries.  Mr.  Ferdinand  Ellerman  has  shared  in  the  solar 
observations  and  has  cared  for  the  greater  part  of  the  general  photographic 
work  of  the  Observatory.  Dr.  Gustaf  Stromberg  has  been  engaged  in  stellar 
spectroscopic  investigations  and  statistical  studies  of  stellar  motions  and 
absolute  magnitudes.  Mr.  Milton  Humason  has  carried  on  an  extensive 
observing  program  on  the  classification  of  the  spectra  of  faint  stars,  especially 
in  the  Selected  Areas,  and  has  also  made  numerous  direct  photographs  with 
the  10-inch  photographic  telescope  and  the  large  reflectors.  Dr.  Sinclair 
Smith  has  continued  his  investigations  in  the  Physical  Laboratory  on  the 
analysis  of  wire  explosions  and  has  assisted  in  many  of  the  investigations  in 
progress,  in  particular,  the  repetition  of  the  Michelson-Morley  Experiment. 
Mr.  Lewis  H.  Humason  has  given  most  of  his  time  to  solar  observations  on 
Mount  Wilson  and  to  the  testing  of  photographic  plates.  As  in  previous  years 
Mr.  Wendell  P.  Hoge  has  taken  part  in  some  of  the  stellar  spectroscopic 
observations. 

In  the  Computing  Division,  Dr.  Hazel  M.  Losh  has  continued  the  measure- 
ment of  sun-spot  positions  and  areas  and  has  studied  their  relationship  to 
magnetic  storms  on  the  earth.  Dr.  Losh  resigned  her  position  June  15  to 
accept  an  appointment  at  the  Observatory  of  the  University  of  Michigan. 
Miss  Louise  Ware  and  Mr.  Edward  F.  Adams  have  carried  on  measurements 
of  solar  wave-lengths  for  use  in  the  investigation  of  the  gravitational  dis- 
placements of  spectral  lines  and  the  revision  of  Rowland's  Table  of  Solar 
Spectrum  Wave-lengths.     Miss  Ware  has  also  given  much  time  to  work  with 
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the  registering  microphotometer.  Miss  Charlotte  M.  Moore  has  been  en- 
gaged in  the  preparation  of  material  for  the  revision  of  Rowland's  Table, 
especially  the  identification,  classification  and  analysis  according  to  energy- 
level  of  the  lines  studied  in  laboratory  sources.  Miss  Joyner  has  continued  to 
assist  in  photometric  investigations  and  statistical  researches  on  stellar  dis- 
tribution and  density.  Miss  Richmond  has  carried  on  the  measurement  and 
reduction  of  the  stellar  energy  curves  obtained  with  the  thermocouple.  Mrs. 
Hannah  M.  Marsh  has  measured  many  of  the  photographs  taken  by  Dr.  van 
Maanen  for  determination  of  parallax  and  proper  motion.  Miss  Burwell, 
Miss  Brayton,  Mrs.  Mary  Fretz  Coffeen,  Miss  MacCormack  and  Miss  Wiberg 
have  taken  part  in  different  branches  of  the  stellar  spectroscopic  work, 
including  the  measurement  and  reduction  of  spectrograms  and  many  com- 
putations relating  to  statistical  problems.  Mrs.  Coffeen  resigned  from  the 
Computing  Division  on  May  1.  Mr.  Wendell  P.  Hoge  has  continued  his 
determinations  of  wave-lengths  of  arc  and  solar  lines  with  the  interferometer 
and  has  assisted  Mr.  Babcock  in  the  Physical  Laboratory.  Mr.  Hoge  has 
also  served  as  curator  and  lecturer  at  Mount  Wilson  on  evenings  when  the  60- 
inch  telescope  is  available  for  public  use.  Miss  Elizabeth  Connor  has  con- 
tinued her  work  as  librarian  of  the  Observatory  and  has  assisted  in  the  editorial 
work  of  publication. 

Dr.  A.  A.  Michelson,  Research  Associate  of  the  Institution,  spent  a  portion 
of  the  summer  months  of  1926  and  the  months  of  February  and  March  1927 
in  Pasadena  and  at  Mount  Wilson.  In  addition  to  completing  his  series  of 
remarkably  consistent  measurements  of  the  velocity  of  light  on  the  Mount 
Wilson-San  Antonio  base-line,  Dr.  Michelson  undertook  some  experiments 
on  the  90-mile  base-line  between  Mount  Wilson  and  San  Jacinto.  He  also 
commenced  in  Pasadena  a  repetition  of  the  Michelson-Morley  experiment  on 
the  ether  drift,  using  a  large  rotating  interferometer  constructed  in  the  instru- 
ment shop  of  the  Observatory.  Dr.  Henry  Norris  Russell,  Research  Associ- 
ate, has  spent  the  months  of  May  and  June  in  Pasadena  and  has  been  engaged 
in  several  investigations  relating  to  the  analysis  of  complex  spectra  and  their 
astrophysical  applications.  As  in  previous  years,  his  lectures  before  the 
members  of  the  Staff  have  been  of  great  interest  and  rich  in  suggestive  value. 
The  Observatory  has  been  fortunate  in  having  as  its  third  Research  Associate 
Dr.  J.  H.  Jeans,  whose  extensive  knowledge  of  physical  and  astrophysical 
problems,  has  often  proved  of  the  greatest  advantage  to  the  investigations  in 
progress. 

Professor  H.  H.  Turner,  Savilian  Professor  of  Astronomy  at  Oxford  Uni- 
versity, visited  the  Observatory  in  April  of  the  present  year  and  gave  a  series 
of  interesting  lectures  before  the  members  of  the  Staff.  Dr.  S.  A.  Mitchell, 
Director  of  the  Leander  McCormick  Observatory,  spent  the  months  of  July 
and  August  in  Pasadena  and  utilized  the  spectroscopic  material  collected  for 
the  table  of  solar  spectrum  wave-lengths  for  further  identifications  of  lines 
in  the  flash  spectrum.  Dr.  John  C.  Duncan,  Director  of  the  Whitin  Observa- 
tory, carried  on  direct  photographic  observations  of  nebulae  with  the  two  large 
reflectors  during  the  summer  of  1926.  Professor  Julius  A.  Brown,  of  the 
American  University  of  Beirut,  has  been  at  the  Observatory  during  the  greater 
part  of  the  year  and  has  been  engaged  in  photometric  investigations  with  the 
60-inch  reflector.     Dr.  Frank  E.  Ross,  of  the  Yerkes  Observatory,  has  carried 
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on  a  series  of  photographic  observations  of  the  planets  during  a  portion  of 
the  year.  Dr.  Otto  Struve,  of  the  Yerkes  Observatory,  spent  the  months  of 
July,  August  and  September  1926  at  Mount  Wilson  and  obtained  numerous 
spectrograms  of  early-type  stars  with  the  stellar  spectographs.  Dr.  S. 
Rosseland  and  Dr.  J.  Schilt,  Research  Fellows  of  the  International  Education 
Board,  both  of  whom  had  been  carrying  on  investigations  at  the  Observatory, 
left  Pasadena  in  September.  Dr.  Thomas  H.  Osgood,  Fellow  on  the  Com- 
monwealth Fund,  took  part  in  photographic  observation  of  double  stars  with 
the  60-inch  reflector  during  the  months  of  May  and  June. 

SUMMARY  OF  THE  YEAR'S  WORK 

The  state  of  high  solar  activity  which  is  now  near  its  probable  maximum 
has  been  utilized  throughout  the  year  in  a  wide  variety  of  observations  of 
sun-spot  forms  and  changes,  prominences,  sun-spot  spectra,  the  character  of 
motions  near  sun-spots  and  the  relationship  of  terrestrial  magnetism  to  solar 
activity.  The  spectrohelioscope  as  improved  and  developed  by  Hale  has 
been  used  most  successfully  by  him  in  studying  the  motions  of  dark  and 
bright  hydrogen  flocculi  over  the  sun's  surface,  and  his  measurements  of  the 
flow  of  hydrogen  in  the  vicinity  of  sun-spot  vortices  have  afforded  new  evi- 
dence in  support  of  his  previous  conclusion  that  the  law  of  gyratory  storms  in 
the  solar  atmosphere  is  the  same  as  the  terrestrial  law  of  cyclonic  storms. 

The  completion  by  St.  John  and  his  assistants  of  the  list  of  wave-lengths  for 
the  revision  of  Rowland's  Table  of  Solar  Spectrum  Wave-lengths  and  the 
preparation  of  over  half  of  the  tabular  material  indicate  the  progress  made  in 
this  important  contribution  to  astrophysical  research.  Even  in  its  partially 
completed  form,  it  has  been  used  extensively  for  stellar  investigations  of  wave- 
length, and  by  visiting  astronomers  for  studies  of  the  flash  spectrum.  The 
extension  of  the  table  through  Babcock's  measurements  of  over  500  lines  in 
the  near  infra  red  with  the  interferometer  adds  material  especially  important 
for  the  study  of  sun-spot  spectra  and  the  identification  of  unrecognized  lines 
of  the  different  elements.  The  measurements  of  the  oxygen  bands  in  this 
region  of  the  spectrum  have  been  utilized  by  Dr.  Dieke  and  Babcock  in  an 
analysis  of  their  structure  and  a  determination  of  the  constants  involved. 

The  investigation  by  St.  John  of  solar  wave-lengths  has  resulted  in  the 
accumulation  of  strong  evidence  for  the  existence  of  the  displacements  of 
lines  as  predicted  from  the  generalized  theory  of  relativity.  Lines  at  the 
center  of  the  sun  produced  at  an  elevation  of  about  500  km.  show  the  theoreti- 
cal displacement,  while  those  at  a  higher  level  show  more,  and  those  at  a  lower 
level  less.  The  existence  of  descending  currents  at  high  levels  in  the  atmos- 
pheres of  sun  and  stars  and  of  ascending  currents  at  low  levels  would  account 
for  the  observed  differences.  At  the  edge  of  the  sun,  where  the  effect  of  radial 
currents  would  disappear,  the  displacements  are  nearly  of  the  predicted  amount. 

Measurements  of  the  ultra-violet  radiation  of  the  sun  have  been  continued 
regularly  by  Pettit  with  results  which  show  a  considerable  degree  of  correla- 
tion with  sun-spot  numbers  and  the  solar  constant.  Comparisons  of  the 
atmospheric  transmission  of  ultra-violet  radiation  of  wave-length  0.32  /z,  at 
elevations  ranging  from  near  sea-level  to  3.5  km.,  indicate  an  agreement  with 
theoretical  values  at  an  altitude  of  1.83  km.,  with  a  greater  transmission  at 
higher  altitudes,  and  much  less  at  lower  altitudes  than  theory  would  predict. 
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Observations  of  the  polarities  of  sun-spots  by  Nicholson,  Ellerman  and 
L.  H.  Humason  show  that  in  a  total  of  306  spots  only  8,  or  less  than  3  per  cent, 
are  exceptions  to  the  rule  of  the  reversal  of  polarity  occurring  at  the  sun-spot 
minimum  of  1923.  The  whole  number  of  groups  of  spots  observed  on  the 
sun  during  the  year  was  373 — 74  more  than  in  1925,  nearly  the  entire  increase 
being  in  the  southern  hemisphere. 

Other  solar  investigations  of  the  year  have  included  a  comparison  by 
Pettit  and  Nicholson  of  the  values  of  the  radiation  of  the  corona,  as  deduced 
from  the  theory  of  scattering  by  an  atmosphere  of  free  electrons,  with  their 
results  obtained  at  the  eclipse  of  January  1925;  comparisons  by  Nicholson 
of  solar  disturbances  and  terrestrial  magnetic  storms  as  observed  on  Mount 
Wilson;  studies  of  sun-spot  spectra  in  the  near  infra  red;  and  observations 
by  Ellerman  of  the  motions  of  granulations  on  the  sun's  surface. 

In  the  field  of  planetary  photography  the  results  obtained  by  Dr.  Ross  of 
the  Yerkes  Observatory  by  photographing  Venus  in  ultra-violet  light  are  of 
special  interest.  His  observations  show  a  remarkable  amount  of  detail,  in 
the  nature  of  rapidly  changing  dark  belts  parallel  to  the  equator  and  bright 
areas  near  the  poles,  which  is  not  seen  on  photographs  taken  in  yellow  or  red 
light.  Similar  observations  of  Jupiter  and  Saturn  have  been  made  by  Ross 
and  Pease. 

The  radiation  from  the  dark  side  of  the  moon  has  been  measured  by  Pettit 
and  Nicholson  and  is  found  to  indicate  a  temperature  of  110°  C.  absolute. 
The  same  observers  measured  the  rate  of  cooling  of  a  point  on  the  lunar  sur- 
face at  the  total  eclipse  of  June  14-15,  1927.  Before  eclipse  its  temperature 
was  350°  C.  absolute;  while  passing  through  the  penumbra  the  temperature 
dropped  rapidly,  reaching  170°  C.  at  the  beginning  of  totality.  During  the  total 
phase  there  was  a  gradual  drop  to  150°  C.  absolute.  Spectroscopic  observations 
of  the  same  eclipse  by  Adams  and  Joy  give  little  indication  of  the  appearance  of 
new  bands  or  lines  in  the  spectrum  near  the  edge  of  the  earth's  shadow. 

Nicholson  and  Miss  Losh  have  calculated  an  ephemeris  for  the  Ninth 
Satellite  of  Jupiter  for  the  1927  opposition,  and  Nicholson  secured  a  satis- 
factory series  of  observations  during  the  opposition  of  the  previous  year. 

A  study  of  the  distribution  of  extra-galactic  nebulae  in  the  vicinity  of  the 
Milky  Way  is  being  undertaken  by  Hubble  for  the  purpose  of  defining  more 
closely  the  limits  within  which  they  occur.  So  far  nebulae  have  been  found 
within  10°,  but  not  within  5°  of  the  plane.  Hubble  is  also  continuing  his 
investigation  of  the  luminosity  of  extra-galactic  nebulae,  studying  the  magni- 
tudes of  the  brightest  stars  involved  and  also  the  frequency-functions  of  the 
luminosities  of  the  nebulae  in  nebular  clusters.  The  results  obtained  favor 
the  view  that  statistically  the  nebulae  can  be  treated  as  intrinsically  of  equal 
luminosity. 

About  50  variable  stars,  36  of  which  are  Cepheids,  and  75  novae  have  been 
observed  by  Hubble  in  the  study  of  the  Andromeda  nebula  which  he  is  com- 
pleting. A  combination  of  the  results  of  these  Cepheids  with  those  of  Messier 
33  establishes  a  good  period-luminosity  curve  for  periods  between  10  and  70 
days.  At  the  distance  for  the  nebula  indicated  by  the  Cepheids,  the  mean 
absolute  magnitude  of  the  novae  at  maximum  light  is  —5.2. 

Observations  by  Hubble  and  Dr.  Duncan  of  the  disk  of  nebulosity  around 
Nova  Aquilae  No.  3,  1918,  show  that  the  disk  has  been  expanding  uniformly 
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at  a  rate  of  about  2"  annually  since  the  outburst  of  the  star.  When  com- 
bined with  the  early  radial-velocity  measures,  this  leads  to  a  parallax  of 
-f  0''0028.     The  spectrum  shows  a  transition  toward  that  of  Wolf-Rayet  stars. 

Spectrograms  of  the  Andromeda  nebula  and  its  companion  N.G.C.  221 
obtained  by  M.  L.  Humason  with  the  Cassegrain  spectrograph  show  a  solar- 
type  spectrum  with  dwarf  characteristics.  The  radial  velocities  are  con- 
siderabfy  less  than  those  obtained  from  photographs  with  lower  dispersion. 

An  interesting  discovery  by  van  Maanen  is  that  of  the  third  nearest  star, 
Wolf  359,  with  the  faintest  absolute  magnitude  known.  Its  parallax  is  0"A0, 
its  absolute  photographic  magnitude  18.5,  and  its  spectrum,  as  derived  from  a 
photograph  by  Humason,  M6e.  Van  Maanen  has  continued  his  photographic 
measurements  of  double  stars,  and  has  completed  his  results  for  three  globular 
star-clusters.  These  show  that  no  internal  motion  exceeding  0''002  annually 
can  be  present.     The  proper  motions  are  extremely  small. 

From  the  continuation  of  his  studies  of  stellar  distribution,  Seares  finds  a 
progression  in  the  longitude  of  the  center  of  the  galactic  system  and  the  posi- 
tion of  its  plane  which  begins  with  the  brighter  stars  and  continues  to  the 
faintest  stars  observed.  As  a  result,  the  distance  of  the  sun  from  the  center 
of  the  system  defined  by  stars  brighter  than  the  eighteenth  magnitude  may 
be  considerably  greater  than  hitherto  supposed.  An  important  conclusion  is 
that  the  local  cluster  of  stars  includes  the  great  majority  of  the  brighter  stars, 
and  that  its  influence  is  predominant  in  determining  the  space-density  near 
the  sun.  The  effect  of  this  local  cluster  can  be  traced  to  stars  of  the  fifteenth 
magnitude,  and  its  radius,  therefore,  is  probably  of  the  order  of  3,000  parsecs 
instead  of  about  500  parsecs  as  determined  from  the  bright  helium  stars. 

The  determination  of  the  center  of  the  galactic  system  is  rendered  difficult, 
on  the  one  hand,  by  the  masking  effect  of  the  local  cluster,  and,  on  the  other, 
by  the  smoothing-out  effects  inherent  in  surface  counts  of  stars  due  to  the 
enormous  range  in  stellar  luminosity.  The  contours  of  equal  space-density, 
even  for  small  densities,  are  not  concentric,  and  so  can  not  be  used  as  a 
criterion  for  fixing  the  geometrical  center.  The  contours  of  constant  density 
for  the  larger  system,  as  distinguished  from  the  local  cluster,  uncertain  as 
they  are,  indicate  a  much  larger  distance  than  has  generally  been  supposed. 

In  the  department  of  stellar. spectroscopy  the  application  of  a  15-foot  spec- 
trograph to  investigations  of  some  of  the  brighter  stars  has  led  to  the  identi- 
fication of  additional  elements  of  the  rare-earth  group  in  the  spectra  of  stars 
of  type  similar  to  the  Cepheid  variables,  and  has  provided  further  evidence  of 
systematic  displacements  for  different  groups  of  lines.  Determinations  of  the 
intensities  of  the  lines  on  these  spectrograms  afford  rich  material  for  investiga- 
tions of  stellar  temperatures  and  pressures. 

Among  the  interesting  results  of  the  radial- velocity  observations,  reference 
may  be  made  to  the  high  velocities  found  for  three  Cepheid  variables,  one  of 
which,  TX  Ophiuchi,  has  a  velocity  of  —160  km./sec;  to  the  orbits  of  the 
dwarf  star  Boss  5683  and  the  Cepheid  variable  T  Monocerotis  determined  by 
Sanford,  the  eclipsing  variable  S  Antlise  by  Joy,  and  the  B2e  spectroscopic 
binary  H.  D.  163181  by  M.  L.  Humason  and  Nicholson.  The  last-named 
star  is  one  of  the  most  massive  stars  known. 

Studies  have  been  made  by  Joy  of  the  important  variable  stars  o  Ceti, 
W  Serpentis  and  U  Sagittse,  with  interesting  results  for  their  radial  velocities 
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and  spectral  changes.  Merrill  has  investigated  the  relationship  of  spectra 
of  types  S  and  M  and  concludes  that  their  temperatures  overlap,  but  that  the 
S-type  stars  are  of  lower  density.  Merrill  has  also  made  a  search  for  stars 
of  lower  temperature  than  the  long-period  variables,  has  continued  his 
observations  of  changes  in  the  spectrum  of  the  interesting  star  R  Aquarii,  and 
has  made  a  classification  of  stars  with  bright  iron  lines.  Merrill,  Humason  and 
Miss  Burwell  have  discovered  15  new  stars  of  types  Be  and  0  during  the  year. 

An  investigation  by  Adams  and  Joy  shows  that  the  relationship  between 
spectral  type  and  logarithm  of  length  of  period  among  the  Cepheid  variables 
is  essentially  linear,  the  spectral  type  becoming  later,  the  longer  the  period. 
The  cluster-type  variables  show  a  considerable  range  in  spectrum  with  little 
change  in  period.  Dr.  Russell  finds  from  these  results  for  the  Cepheids  that 
the  observed  change  is  in  close  agreement  with  that  which  should  occur  in  a 
group  of  stars  undergoing  similar  dynamical  oscillations  and  subject  to  the 
period-luminosity  relationship. 

The  completion  of  the  study  of  the  absolute  magnitudes  of  the  M-type 
stars  by  Adams,  Joy  and  Humason,  the  commencement  of  a  similar  investiga- 
tion for  stars  of  type  K5,  and  determinations  of  the  luminosities  of  many  stars 
of  earlier  type  represent  the  chief  applications  of  the  spectroscopic  method  for 
deriving  absolute  magnitudes.  In  connection  with  these  investigations 
Stromberg  has  worked  out  formulse  for  computing  the  dispersion  in  absolute 
magnitude  and  the  probable  errors  for  any  group  of  stars  in  which  the  absolute 
magnitudes  may  be  assumed  to  be  distributed  according  to  a  normal  error 
function. 

Stromberg  has  studied  the  space-velocities  of  the  giant  M-type  stars,  using 
the  spectroscopic  absolute  magnitudes,  and  finds  that  their  distribution  may  be 
represented  by  an  error  curve  without  skewness  or  excess.  The  preferential 
motion  is  pronounced,  but  no  trace  of  Kapteyn's  two  streams  can  be  found. 
The  distribution  function  around  the  axis  of  asymmetry  is  found  to  be  of  the 
same  form  as  that  for  cosmical  objects  in  general. 

Measurements  of  stellar  radiation  have  been  continued  by  Pettit  and 
Nicholson  with  thermocouples  of  increased  sensitiveness.  Ten  long-period 
variables  observed  over  more  than  four  periods  show  a  mean  absolute  bolo- 
metric  magnitude  of  —4  at  maximum  of  light.  The  observations  of  154 
stars  made  between  1922  and  1927  have  been  reduced  to  a  homogeneous 
system  of  radiometric  magnitudes,  and  the  heat  indices  have  been  derived  for 
the  successive  spectral  types  of  giant  stars  from  A0  to  M8. 

The  diameter  of  a  Orionis  as  measured  by  Pease  with  the  20-foot  inter- 
ferometer shows  an  increase  from  the  values  for  the  previous  year,  the  fringes 
disappearing  at  mirror-separations  of  between  11  and  12  feet  as  compared  with 
14  feet  found  in  the  autumn  of  1925.  Pease  has  also  secured  measurements  of 
the  separation  and  position  angles  of  the  components  of  the  spectroscopic 
binary  Mizar,  which  are  in  excellent  agreement  with  computed  values. 

In  the  physical  laboratory  King  has  made  extensive  investigations  of  the 
spectra  of  the  rare  earths.  About  1,600  lines  of  neutral  cerium  have  been 
measured  between  X  3000  and  X  4700,  few  of  which  had  been  measured 
previously.  With  the  aid  of  Miss  Moore  most  of  the  ionized  lines  of  cerium, 
neodymium  and  samarium  have  been  identified  with  lines  present  in  the  solar 
spectrum. 
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King  has  utilized  photographs  of  the  spectra  of  iron,  chromium,  manganese, 
nickel  and  cobalt,  taken  with  the  1,000-ampere  arc  in  air,  for  further  classifica- 
tions of  the  lines  with  respect  to  widening,  and  has  also  used  the  high-current 
arc  in  vacuum  to  group  the  ionized  lines  in  the  ultra-violet  region  of  iron  into 
multiplets. 

The  spark  spectra  of  several  elements  in  vacuum  have  been  studied  by 
Anderson  with  the  use  of  the  large  condenser.  An  examination  of  the 
spectrum  of  multiply  ionized  lines  indicates  that  the  higher  stages  of  ioniza- 
tion are  favored  by  the  use  of  a  smaller  condenser  with  which  higher  frequency 
can  be  secured.  Anderson  is  planning  a  continuation  of  the  study  of  the  Stark 
effect  for  metals,  using  the  condenser  as  a  source  of  high-voltage  direct  current. 

Values  of  the  pressure  displacements  of  iron  lines  determined  by  Babcock 
have  been  expressed  by  him  on  a  scale  of  frequencies  and  studied  with  the  aid 
of  a  list  of  term-values.  He  has  thus  found  it  possible  to  describe  the  pressure 
effect  as  a  differential  depression  of  the  term-values  whose  differences  corre- 
spond to  the  wave-numbers  of  the  individual  lines.  In  this  way  a  quanti- 
tative relationship  is  derived  which  permits  the  calculation  of  the  pressure 
effect  for  many  lines  for  which  it  is  not  yet  known. 

A  most  extensive  and  complete  analysis  of  the  spectrum  of  titanium  has 
been  completed  by  Dr.  Russell.  In  the  spectrum  of  the  normal  atom  1,395 
lines  have  been  classified,  and  522  in  the  singly-,  90  in  the  doubly-,  and  31  in 
the  triply-ionized  atom.  Series  have  been  found  in  each  of  these  spectra  and 
the  ionization  potentials  determined.  The  investigation  can  not  fail  to  prove 
of  great  value  to  students  of  astrophysics  and  atomic  theory. 

Through  identifications  based  on  theoretical  considerations  of  the  lines 
which  correspond  to  the  same  types  of  transition  within  the  atoms,  Dr.  Russell 
has  been  able  to  recognize  in  the  elements  of  the  iron  group  sequences  of  lines 
strikingly  similar  in  physical  characteristics  and  of  great  interest  astro- 
physically.  In  the  course  of  this  work  he  has  found  for  the  first  time  series  in 
the  arc  spectrum  of  vanadium  and  the  spark  spectrum  of  manganese.  This 
has  made  it  possible  to  derive  ionization  potentials  for  the  normal,  and  in  most 
cases  for  the  ionized,  atom  of  all  the  elements  of  this  group.  In  the  few  remain- 
ing cases  fairly  good  values  for  the  ionized  atom  have  been  derived  through 
the  application  of  Moseley's  law. 

Numerous  other  investigations  have  been  carried  on  in  the  physical  labor- 
atory, including  a  study  by  Smith  of  the  intensities  of  the  Balmer  lines  of 
hydrogen  under  different  conditions  of  excitation;  tests  of  the  accuracy  of  the 
registering  microphotometer;  an  examination  of  the  spectral  transmission  of 
various  types  of  filters;  and  measurements  of  the  reflecting  power  of  certain 
metals  and  alloys  by  Pettit;  a  study  by  Anderson  of  Ronchi's  method  of 
testing  optical  surfaces;  and  the  design  by  Smith  of  a  new  type  of  vertical 
seismometer. 

Dr.  Michelson  has  completed  additional  measurements  of  the  velocity  of 
light  between  Mount  Wilson  and  Mount  San  Antonio,  a  distance  of  35,385.53 
meters,  according  to  the  determination  of  the  U.  S.  Coast  and  Geodetic  Survey. 
The  final  result  obtained  from  a  series  of  very  accordant  measures  with  five 
different  rotating  mirrors  of  8,  12  and  16  faces  is  299,797  kilometers  per  second 
in  vacuo.  Further  attempts  will  be  made  in  the  autumn  to  measure  the 
velocity  of  light  between  Mount  Wilson  and  Mount  San  Jacinto. 
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A  repetition  of  the  Michelson-Morley  experiment  on  the  ether-drift  has 
been  begun  by  Dr.  Michelson  with  an  11-foot  interferometer.  Provisional 
measures  show  but  very  small  displacements  of  the  interference  fringes. 

OBSERVING  CONDITIONS 

Observing  conditions  for  the  year  July  1,  1926,  to  June  30,  1927,  were  close 
to  the  average  of  those  for  previous  years  as  regards  the  number  of  clear  days 
and  nights.  The  average  definition,  however,  was  somewhat  below  the 
normal.  The  precipitation  during  the  winter  season  was  33.27  inches  as 
compared  with  a  23-year  mean  of  33.10  inches.  The  snowfall  was  heavy, 
amounting  to  62  inches.  The  highest  temperature  recorded  was  95°  F.  and 
the  lowest  18°  F.  Daily  meteorological  records  have  been  continued  regularly 
and  additional  data  regarding  humidity,  temperature,  wind  velocity  and 
cloudiness  have  been  supplied  to  the  United  States  Forest  Service  and 
Weather  Bureau. 

The  following  table  prepared  by  W.  P.  Hoge  from  the  records  maintained 
for  the  60-inch  reflector  summarises  the  night  observations  with  this  instru- 
ment: 


Month 

Hours  of 

darkness 

Hours  of 
observation 

No 
observations 

Observations 

All  night 

Part  night 

None 

1926 
July 

255 

269 
295 
336 
330 
346 

346 
308 
324 
286 
266 
230 

212 
242 
255 
254 
179 
101 

170 

93 
143 
167 
204 
200 

43 
27 
40 
82 
151 
245 

176 
215 
181 
119 
62 
30 

23 
27 
24 
20 
15 
9 

9 
4 
18 
17 
23 
17 

7 
4 
6 
11 
8 
9 

13 

12 

5 

8 

6 

12 

1 
0 
0 
0 

7 
13 

9 

12 

8 

5 

O 

1 

September. . . . 

October 

November. .  .  . 
December.  .  . . 

1927 

January 

February 

March 

April 

May 

June 

Totals 

3,591 

2,220 

1,371 

206 

101 

58 

Mean  15  years 

2,228 

1 ,  363 

189 

95 

81 



The  use  of  the  60-inch  reflector  for  visual  observations  on  Friday  evenings 
has  shown  a  steadily  increasing  interest  on  the  part  of  the  public,  and  about 
4,400  visitors  have  had  an  opportunity  to  use  the  telescope  on  these  occasions. 
Nearly  2,000  of  these  have  been  students  from  the  colleges  and  schools  of 
Southern  California. 

SOLAR  RESEARCH 

Solar  activity  has  remained  at  a  high  level  throughout  the  year,  and  sun- 
spot  prominences  and  eruptive  phenomena  have  been  numerous.  The  use 
of  the  spectrohelioscope  by  Hale  has  made  notable  contributions  to  our 
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knowledge  of  the  rapid  changes  in  form  in  the  active  areas,  and  has  furnished 
quantitative  measures  of  the  motions  of  the  gases  near  spots  which  have  an 
important  bearing  on  theories  of  the  nature  and  structure  of  sun-spots.  A 
spectrohelioscope  has  recently  been  completed  for  use  in  conjunction  with 
the  13-foot  spectroheliograph  of  the  60-foot  tower  telescope  on  Mount  Wilson, 
and  preliminary  observations  have  proved  most  successful.  Measurements 
of  the  number,  areas  and  polarities  of  sun-spots  have  been  continued  regularly 
as  in  previous  years,  and  special  studies  of  prominences,  spectra  of  sun-spots 
in  the  extreme  red  and  of  the  granulations  of  the  solar  surface  have  formed  a 
portion  of  the  program  of  solar  research.  Mirrors  made  of  pyrex  glass  were 
substituted  in  December  for  the  thick  glass  mirrors  of  the  60-foot  tower 
telescope.     A  marked  improvement  in  the  steadiness  of  focus  resulted  at  once. 

SOLAR  PHOTOGRAPHY 

Direct  photographs  of  the  sun  have  been  made  on  305  days,  each  photo- 
graph with  two  images  of  the  sun.  These  observations,  as  well  as  those  with 
the  spectroheliograph,  have  been  carried  on  by  Nicholson,  Ellerman,  L.  H. 
Humason,  Pettit  and  R.  F.  Richardson.  The  following  spectroheliograms 
have  been  obtained: 

Spectroheliograms  of  6.5-inch  image  with  5-foot  spectroheliograph,  102  on  102  days. 
Spectroheliograms  of  2-inch  image  with  13-foot  spectroheliograph,  including  Ha  and  Kj 
images  and  K  prominences,  991  on  292  days. 

Data  regarding  the  observations  with  the  spectroheliograph  and  a  special 
series  of  negatives  have  been  supplied  regularly  to  the  Kodaikanal  Observa- 
tory in  accordance  with  the  plan  of  cooperative  investigation. 

Several  direct  photographs  were  made  by  Ellerman  in  June  for  the  purpose 
of  studying  the  surface  granulations.  Two  of  these  were  taken  under  such 
good  conditions  that  changes  occurring  within  20  seconds  of  time  were  shown. 
This  work  will  be  continued  when  the  very  exacting  requirements  of  solar 
definition  permit. 

SUN-SPOT  ACTIVITY 

After  the  minimum  in  1923  the  sun-spots  of  the  new  cycle  increased  more 
rapidly  than  at  similar  phases  in  the  last  three  or  four  cycles.  Such  great 
activity  so  soon  after  minimum  gave  promise  of  a  high  maximum,  resembling 
those  of  60  or  70  years  ago,  a  result  to  be  expected  if  the  variation  in  sun-spot 
activity  at  intervals  of  about  65  years  is  periodic.  The  rapid  increase  in  the 
number  of  sun-spots,  however,  ceased  abruptly  at  the  end  of  1925  and  was 
followed  by  a  decided  drop  in  spot  activity.  During  most  of  1926  the  number 
of  groups  observed  daily  was  about  constant,  but  toward  the  end  of  the  year 
the  number  of  groups  began  to  increase  until  another  maximum  was  reached 
about  March  1927.  A  marked  decrease  in  spot  activity  occurred  in  June 
1927,  which  probably  will  be  followed  in  a  few  months  by  another  period  of 
increased  activity.  This  may  mark  the  maximum  of  the  eleven-year  cycle. 
These  fluctuations  in  the  sun-spot  variation  are  manifestations  of  the  irregular 
short  period  to  which  attention  was  called  in  the  last  report. 

Solar  observations  were  made  on  315  days  in  1926,  and  on  all  of  these  days 
spots  were  present  on  the  sun.     July  15  and  17  were  the  only  days  when  less 
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than  two  groups  were  visible.     The  average  number  of  groups  observed  dur- 
ing each  month  was  as  follows: 


Month 

Daily  Number 

Month 

Daily  Number 

1925 

1926 

1927 

1925 

1926 

January 

1.0 
2.5 
2.4 
4.0 
3.7 
3.8 
4.0 

7.0 
5.1 
6.0 
4.8 
5.6 
6.8 
5.7 

6.5 
8.6 
7.4 
8.3 
8.1 
6.1 

August 

September 

October 

3.6 
7.1 
7.3 

4.2 
8.6 

5.2 
5.6 
5.6 
6.1 

6.8 

February 

March 

April 

Mav 

November 

December 

June 

July 

Yearly  Average .  .  . 

4.4 

5.9 

During  the  year  373  groups  were  observed,  74  more  than  in  1925.  This 
increase  was  almost  wholly  in  the  southern  hemisphere,  which  for  some  years 
had  been  less  active  than  the  northern  hemisphere.  The  number  of  groups  in 
the  southern  hemisphere  increased  from  116  in  1925  to  188  in  1926,  while  in 
the  northern  hemisphere  the  increase  was  from  183  to  185. 

Beginning  with  January  1927,  the  Observatory  has  cooperated  with  the 
Harvard  and  Yerkes  Observatories  in  supplementing  the  Naval  Observatory 
record  of  areas  and  positions  of  sun-spots  which  is  published  regularly  in  the 
Monthly  Weather  Review. 

SUN-SPOT  POLARITIES 

Records  of  the  polarity  and  intensity  of  the  magnetic  field  in  sun-spot 
groups  have  been  made  by  the  solar  observers  on  314  days.  The  following 
table  shows  the  results  of  the  observations.  Groups  listed  as  regular  in  the 
northern  hemisphere  show  S  (south-seeking),  or  negative,  polarity  for  the 
preceding  spot  and  N  polarity  for  the  following  spot,  while  in  the  southern 
hemisphere  the  opposite  is  the  case. 


Hemisphere 

Polarity 

Regular 

Irregular 

North 

149 
149 

298 

5 
3 

8 

South 

Whole  Sun 

Hale  has  prepared  for  the  printer  much  of  the  text  of  the  volume  which 
will  contain  reproductions  of  the  daily  drawings  of  sun-spot  polarities  made 
with  the  150-foot  tower  telescope  from  1917  to  1925.  Additional  cuts  to  the 
number  of  410  have  been  made  by  the  engraver  under  the  supervision  of 
Nicholson,  thus  raising  the  total  number  now  ready  for  the  printer  to  1,234. 

Hale  has  begun  the  study  of  solar  magnetic  phenomena  with  the  75-foot 
spectrograph  of  his  solar  laboratory  in  Pasadena.  As  the  dispersion  and 
the  diameter  of  the  solar  image  are  practically  the  same  as  for  the  150-foot 
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tower  telescope,  the  results  should  be  closely  comparable  with  those  obtained 
on  Mount  Wilson  if  the  atmospheric  conditions  in  the  valley  do  not  prove  too 
unfavorable. 

THE  SPECTROHELIOSCOPE 

The  spectrohelioscope  described  by  Hale  in  the  last  annual  report  has  been 
materially  improved  during  the  year.  A  light  aluminum  slit-bar,  mounted 
on  an  adjustable  conical  bearing,  has  replaced  the  oscillating  disk  mentioned 
in  the  report.  This  bar  is  used  in  conjunction  with  a  4-inch  grating  and  a  pair 
of  3-inch  concave  mirrors  of  13-foot  focal  length,  leaving  the  two  6-inch 
mirrors  and  the  large  grating  free  for  simultaneous  use  as  a  spectroheliograph. 
A  2-inch  solar  image  is  observed  with  the  spectrohelioscope  as  a  guide  to 
photographic  work  on  a  larger  image  with  the  spectroheliograph.  Both 
instruments  are  equipped  with  plane  parallel  glass  plates  or  "line-shifters," 
placed  underneath  the  second  slit  with  scales  reading  alike.  If,  for  example, 
the  spectrohelioscope  shows  a  dark  flocculus  rapidly  receding  in  the  line  of 
sight  as  it  descends  into  the  hydrogen  vortex  above  a  sun-spot,  the  line-shifter 
gives  its  velocity  and  indicates  the  setting  required  for  the  corresponding  line- 
shifter  of  the  spectroheliograph  in  order  that  the  same  effect  may  be  photo- 
graphed on  the  larger  image. 

The  mirror  system  can  also  be  arranged  to  give  a  2-inch  solar  image  for  the 
spectrohelioscope  and  a  16-inch  image  for  the  study  of  the  spectra  of  flocculi, 
sun-spots  and  other  phenomena.  The  solar  images  are  so  adjusted  and  moved 
by  the  electric  slow  motions  that  when  a  given  point  on  the  small  image  is  at 
the  center  of  the  field  of  the  spectrohelioscope  the  same  point  on  the  large 
image  is  always  on  the  center  of  the  slit  of  the  75-foot  spectrograph.  Thus 
flocculi  moving  at  high  velocity,  either  in  eruptions,  arches,  or  vortices,  can 
be  found  in  a  moment  with  the  spectrohelioscope  and  set  on  the  slit  of  the 
long-focus  spectrograph,  with  which  the  distorted  hydrogen  or  other  lines  can 
be  observed  or  photographed  under  very  high  dispersion. 

A  spectrohelioscope  of  3-inch  aperture  and  13-foot  focal  length,  together 
with  a  small  ccelostat,  second  mirror,  and  4-inch  crossed  lens  of  18-foot  focal 
length  for  forming  a  2-inch  solar  image  on  the  oscillating  slit,  has  been 
designed  for  the  use  of  observers  who  wish  to  obtain  at  small  expense  a 
complete  outfit  for  observations  of  the  solar  atmosphere.  The  instrument 
can  be  used  horizontally,  or  the  ccelostat  can  be  placed  on  a  light  steel  tower 
and  used  vertically  with  the  spectrohelioscope  mounted  in  a  well  about  10 
feet  deep.  It  is  hoped  that  six  or  more  of  these  instruments  will  soon  be  in 
use  at  stations  well  distributed  around  the  earth,  in  order  that  a  nearly  con- 
tinuous record  may  be  obtained  of  the  bright  eruptions  in  the  solar  atmosphere 
which  seem  to  be  associated  with  terrestrial  magnetic  storms,  earth  currents 
and  probably  also  the  phenomenon  of  fading  in  radio  transmission. 

A  pair  of  oscillating  slits  has  been  built  for  use  with  the  13-foot  spectro- 
heliograph of  the  60-foot  tower  telescope  on  Mount  Wilson.  The  instrument, 
thus  serving  as  a  spectrohelioscope,  can  be  transformed  again  into  a  spectro- 
heliograph in  a  few  moments,  after  interesting  phenomena  have  been  selected 
for  photography  and  the  settings  of  the  second  slit  necessary  to  record  rapidly 
moving  flocculi  have  been  determined. 
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FIELDS  OF  FORCE  IN  THE  SOLAR  ATMOSPHERE 

The  application  of  the  spectrohelioscope  by  Hale  to  the  study  of  the  fields 
of  force  shown  by  the  hydrogen  flocculi  has  cleared  up  several  uncertainties 
regarding  their  nature  and  given  an  empirical  law  of  gyratory  storms  in  the 
solar  atmosphere.  The  line-shifter,  by  permitting  the  flocculi  to  be  observed 
with  light  from  any  part  of  the  Ha  line  or  its  neighborhood,  immediately 
brings  into  view  rapidly  advancing  or  receding  gases,  and  at  the  same  time 
measures  their  radial  velocity.  In  this  way  the  nature  of  the  dark  arches 
often  found  in  and  near  sun-spot  groups  has  been  made  evident  by  the  ascent 
of  the  hydrogen  at  one  end  and  its  descent  at  the  other.  Such  arches  may 
account  for  the  structure  resembling  the  lines  of  force  of  a  bar  magnet  which 
is  usually  photographed  in  bipolar  spot  groups,  and  has  also  been  identified 
near  single  spots.  The  line-shifter,  by  similar  means,  has  shown  the  flow  of 
hydrogen  into  the  vortices  above  sun-spots  at  radial  velocities  often  exceeding 
50  kilometers  per  second,  and  thus  of  the  same  order  as  the  flow  toward  spots 
of  prominences  at  the  limb  photographed  by  Slocum  and  Pettit.  Frequently 
also,  hydrogen  jets  shooting  outward  from  the  periphery  of  spots  may  be  seen. 
Taken  as  a  whole,  the  new  evidence  strongly  opposes  the  electromagnetic 
explanation  of  the  fields  of  force  hypothetically  proposed  in  Stormer's  theory 
and  supports  Hale's  previous  conclusion  that  the  law  of  gyratory  storms  in  the 
solar  atmosphere  above  sun-spots,  in  about  80  per  cent  of  the  observed  cases, 
is  the  same  as  the  terrestrial  law  of  cyclonic  storms.  The  direction  of  whirl 
of  the  hydrogen  vortices  is  independent  of  the  polarity  of  the  magnetic  fields 
of  the  associated  spots  and  undergoes  no  change  in  successive  sun-spot  cycles 
(see  Nature,  May  14,  1927). 

GENERAL  MAGNETIC  FIELD  OF  THE  SUN 

Preliminary  work  has  been  begun  by  Pettit  and  Miss  Ware  on  the  measure- 
ment with  the  large  microphotometer  of  the  displacements  of  the  spectral  lines 
due  to  the  general  magnetic  field  of  the  sun.  For  this  purpose  it  is  necessary 
to  measure  quantities  of  the  order  of  0.001  mm.,  and  several  modifications 
have  been  introduced  into  the  instrument  to  make  such  precision  possible. 
These  have  consisted  principally  in  improvements  in  the  method  of  drive  and 
the  connection  between  the  nut  and  carriage  on  the  microscope  stage,  and  in  a 
re-design  of  the  thermopile  cell  which  has  doubled  the  sensitiveness  of  the 
apparatus.  About  55  curves  of  the  region  including  the  lines  X5928.0  and 
X5930.4  have  been  made  so  far  in  the  course  of  the  investigation. 

SUN-SPOT  SPECTRA 

Photographs  of  the  spectra  of  sun-spots  have  been  made  by  Ellerman  with 
the  150-foot  tower  telescope  and  75-foot  spectograph  covering  the  region  X4910 
—  X6640,  and  by  Nicholson  and  L.  H.  Humason  with  the  Snow  telescope  and 
18-foot  spectrograph  in  the  region  X7000  — X8700.  The  photographs  in  the 
red  between  X7000  and  X7800  were  made  on  kryptocyanin  plates  in  the  third 
order  of  the  grating,  and  those  between  X7800  and  X8700  on  neocyanin  plates 
in  the  second  order. 

THE  SOLAR  SPECTRUM  IN  THE  NEAR  INFRA  RED 

In  contrast  to  the  large  amount  of  work  which  has  been  done  on  the  visible 
and  the  accessible  ultra-violet  regions  of  the  solar  spectrum,  comparatively 
little   has   been   done   at    longer    wave-lengths,    chiefly    because    of    pho- 
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tographic  difficulties.  It  appears  that  the  solar  spectrum,  considered  as  a 
collection  of  absorption  lines,  practically  terminates  at  about  X9000,  since 
only  about  50  very  faint  lines  between  X9000  and  XI 0000  have  been  found  to 
belong  to  the  solar  atmosphere.  To  the  violet  of  X9000,  however,  a  con- 
siderable amount  of  valuable  material  is  now  being  made  easily  available  by 
the  improvements  in  sensitization  of  photographic  plates. 

Between  X6868  and  X8980  the  wave-lengths  of  over  500  lines  have  been 
measured  by  Babcock  with  the  interferometer,  and  the  results  have  been 
published.  The  new  data  have  proved  useful  in  revising  the  identifications  of 
solar  lines  and  in  indicating  the  existence  of  multiplets  as  yet  unrecognized 
in  the  spectrum  of  iron.  They  provide  a  starting  point  for  more  detailed 
examination  of  the  solar  spectrum  by  the  grating  method  of  interpolation, 
and  also  for  a  further  test  of  the  Einstein  prediction  regarding  the  displace- 
ments of  solar  lines. 

REVISION  OF  ROWLAND'S  TABLE  OF  SOLAR  SPECTRUM  WAVE-LENGTHS 

The  preparation  of  the  material  for  the  revision  of  Rowland's  Table 
has  been  continued  throughout  the  year  by  St.  John  with  the  assistance  of 
Miss  Moore  and  E.  F.  Adams.  The  list  of  wave-lengths  has  been  completed 
and  checked,  several  thousand  new  identifications  have  been  entered,  a 
re-examination  has  been  made  of  the  identifications  by  Rowland,  and  the  exci- 
tation potentials  of  all  lines  in  multiplets  have  been  listed.  The  new  material 
also  includes  the  classification  of  many  lines  according  to  temperature  and 
pressure  in  laboratory  sources,  the  intensities  of  sun-spot  lines,  and  a  list 
of  a  number  of  lines  which  occur  only  in  spots.  About  one-third  of  the  typed 
manuscript  has  been  completed  and  is  ready  for  the  photographic  repro- 
duction which  will  be  used  for  the  publication  of  the  table.  The  preparation 
of  the  remainder  of  the  material  will  require  but  a  few  months. 

An  appendix  to  the  table  will  give  lines  in  the  spectrum  of  the  chromo- 
sphere and  corona,  solar  lines  measured  to  the  red  of  X7331  which  is  the  limit 
of  Rowland's  catalogue,  a  list  of  the  stronger  lines  for  which  no  satisfactory 
identification  has  been  found,  and  designations  in  Russell's  notation  of  the 
terms  corresponding  to  each  excitation  potential.  The  completed  table  will 
indicate  the  elements  for  which  more  precise  laboratory  wave-lengths  are 
required  to  make  identifications  quite  certain.  Thus  in  the  case  of  the  well- 
measured  elements  iron  and  titanium,  the  average  difference  in  wave-length, 
sun  — vacuum  arc,  is  +0.0083  A  for  iron  and  +0.0072  A  for  titanium.  An 
equal  degree  of  precision  in  the  case  of  other  elements  would  add  greatly  to  the 
number  of  identifications  of  faint  solar  lines  and  would  establish  the  presence 
or  absence  of  doubtful  elements  in  the  sun  by  comparisons  of  the  stronger 
lines  alone. 

GRAVITATIONAL  DISPLACEMENT  OF  SOLAR  LINES 

The  investigation  of  the  displacement  of  lines  in  the  solar  spectrum  pre- 
dicted from  the  generalized  theory  of  relativity  has  been  continued  by 
St.  John,  and  the  cumulative  evidence  for  its  presence  in  the  required  amount 
is  now  strong.  The  theoretical  displacement  is  shown  at  the  center  of  the 
sun  by  the  lines  of  iron  and  titanium  originating  in  the  solar  atmosphere  at  a 
level  of  about  500  km.  Lines  of  low  level  show  small  negative  deviations 
from  the  theoretical  values,  which  increase  progressively  with  decrease  in 
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level  and,  for  a  given  level,  are  proportional  to  wave-length.  Spectroscopic 
observations  of  the  sun  and  stars  have  shown  that  lines  of  low  level  are  dis- 
placed to  the  violet  with  reference  to  those  originating  at  a  medium  level, 
because  of  ascending  currents  in  this  region  of  the  atmosphere.  The  magni- 
tude of  these  displacements  in  the  sun  is  of  the  right  order  to  account  for  the 
small  negative  differences  between  observation  and  theory  at  the  center  of 
the  sun. 

At  the  edge  of  the  sun  the  radial  currents  have  no  component  in  the  line  of 
sight,  the  negative  residuals  vanish,  and  the  low-level  lines  give  the  theoretical 
displacement  to  the  red.  For  iron  lines  of  all  levels  the  observed  displace- 
ment exceeds  the  relativity  displacement  by  0.0015  A.  This  small  quantity, 
if  real,  should  represent  the  true  limb  displacement. 

SOLAR  ROTATION 

Measurements  of  the  rotation  period  of  the  sun  by  the  spectroscopic  method 
have  been  continued  by  St.  John  with  the  assistance  of  Miss  Ware.  The  work 
is  being  confined  to  a  limited  region  in  the  red  portion  of  the  spectrum  where 
atmospheric  lines  are  available  for  checking  the  results,  and  to  a  selected  list 
of  important  typical  lines  whose  behavior  has  a  direct  bearing  upon  several 
solar  problems.  The  measurement  of  the  rotation  period  will  be  continued 
throughout  the  cycle  of  sun-spot  polarities. 

ULTRA-VIOLET  SOLAR  RADIATION 

Measurements  of  the  ultra-violet  solar  radiation  transmitted  by  silver  films 
have  been  continued  by  Pettit  on  every  clear  day  throughout  the  year  with 
the  apparatus  on  Mount  Wilson.  Tests  of  the  silver  and  gold  films  show 
that  exposure  to  sunlight  has  no  measurable  effect  on  their  transmissions,  but 
the  green  celluloid  filter  originally  placed  between  the  gold  films  has  been 
removed  on  account  of  changing  transmission  and  the  observations  have 
been  corrected  for  this  effect. 

An  ultra-violet  solar  radiometer  similar  to  that  on  Mount  Wilson  was 
constructed  for  the  Desert  Sanitarium  of  Southern  Arizona  at  Tucson,  and 
put  into  operation  in  March.  It  is  hoped  that  this  station  will  furnish 
additional  data  for  checking  the  variations  observed  at  Mount  Wilson.  The 
apparatus  for  obtaining  drift-curves  of  the  sun  in  ultra-violet  light  has  been 
completed  and  preliminary  testing  begun.  The  purpose  of  this  apparatus 
is  to  detect  changes  in  the  contrast  between  limb  and  center. 

The  ratio  of  ultra-violet  to  green  solar  radiation,  reduced  to  values  outside 
the  atmosphere,  has  shown  considerable  variation  since  June  1924,  although 
the  change  from  day  to  day  is  small.  With  the  value  for  June  1924  as  unity, 
a  maximum  in  the  monthly  means  of  1.57  was  reached  in  November  1925; 
during  1926  the  ratio  decreased  to  a  low  value  of  1.28  in  April,  but  then  in- 
creased to  1.51  in  February  1927,  and  has  varied  between  this  value  and  1.43 
during  the  first  half  of  1927.  A  considerable  degree  of  correlation  is  found 
between  ultra-violet  solar  radiation,  sun-spot  numbers  and  the  solar  constant. 
The  atmospheric  disturbances  seem  to  be  nearly  eliminated  by  the  differ- 
ential method  employed,  since  the  ratio  of  the  values  at  the  zenith  to  those 
outside  the  atmosphere  remain  practically  constant. 

The  atmosphere  transmission  for  X  0.32/x  has  been  measured  at  Mount 
Wilson,  Tucson  and  Pasadena,  and  these  values,  combined  with  the  Smith- 
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sonian  measurements  on  Mount  Whitney  and  those  of  Dobson  at  Oxford,  have 
been  compared  with  results  computed  from  Rayleigh's  formula  and  the  more 
complete  formula  of  Cabannes  and  Dufay  which  includes  polarization. 


Station 

Height  in 
Km. 

Atmospheric  transmission  X  0.32ju 

Observed 

Computed 

Rayleigh 

Cabannes  and  Dufay 

Mount  Whitney 

Mount  Wilson 

3.50 
1.74 
0.76 
0.26 
0.06 

0.615 
0.4S0 
0.370 
0  .325 
0.315 

0.592 
0  .519 
0.497 
0.466 
0  .452 

0  .569 
0.489 
0.452 
0  .440 
0.427 

Tucson 

Oxford 

The  comparison  shows  that  the  observed  and  computed  atmospheric  trans- 
missions for  A  0.32^1  agree  for  an  altitude  of  1.83  km.  (barometer  =  61  cm.), 
but  that  for  altitudes  higher  than  this  the  transmission  is  greater  than  that 
given  by  theory,  and  for  lower  altitudes  much  less. 

The  radiation  from  the  sky  at  wave-length  0.32/i  effective  on  a  horizontal 
plane  has  been  compared  with  direct  sunlight  and  found  to  be  5  per  cent  on 
Mount  Wilson  and  25  per  cent  in  Pasadena. 

THEORY  OF  CORONAL  RADIATION 

The  formulae  outlined  by  Woltjer  for  computing  the  intensity  of  coronal 
radiation  for  any  wave-length  from  the  theory  of  scattering  by  an  atmosphere 
of  free  electrons  have  been  developed  rigorously  by  Pettit  and  Nicholson,  and 
the  relative  intensities  between  the  limits  0.3  to  1.3^  and  1.3  to  5.5/z  com- 
puted. The  values  for  the  sun  have  also  been  computed  from  Smithsonian 
data.  The  calculated  values  for  coronal  radiation  are  70  and  30  per  cent, 
respectively,  corresponding  to  72  and  28  per  cent  for  integrated  solar  radia- 
tion. The  theory  indicates  that  the  coronal  energy  of  wave-length  longer 
than  5.5ju  is  less  than  half  of  one  per  cent  of  the  whole.  The  values  for  these 
two  regions  of  the  spectrum,  observed  by  Pettit  and  Nicholson  at  the  eclipse 
of  January  24,  1925,  were  77.6  and  22.4  per  cent  for  the  corona,  and  71.4  and 
28.6  per  cent  for  the  sun.  The  observed  transmission  of  coronal  radiation 
by  the  microscope  cover-glass  showed  that  the  energy  beyond  5.5/*  was  inap- 
preciable. Differences  as  small  as  these  between  the  observed  values  for  the 
sun  and  the  theoretical  values  for  the  corona  can  scarcely  be  detected  by  a 
single  set  of  observations  at  one  eclipse,  even  under  very  favorable  conditions. 

TERRESTRIAL  MAGNETISM  AND  SOLAR  ACTIVITY 

In  August  1926  a  magnetograph  was  installed  at  the  Mount  Wilson  Observ- 
atory in  cooperation  with  the  Department  of  Terrestrial  Magnetism.  The 
magnetic  variometer  and  recording  device  with  all  the  auxiliary  equipment 
were  furnished  by  that  Department  and  its  installation  was  supervised  per- 
sonally by  Mr.  Fleming.  Only  the  intensity  of  the  horizontal  component  is 
recorded,  since  our  purpose  is  to  compare  the  solar  observations  made  each 
day  with  the  magnetic  records,  as  a  means  of  discovering  the  type  of  solar 
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activity  which  may  be  directly  responsible  for  particular  magnetic  disturb- 
ances. No  statistical  study  of  the  number  of  sun-spots  and  their  relation  to 
the  mean  daily  range  in  H  is  contemplated.  In  the  30-foot  pit  of  the  60-foot 
tower  telescope  another  similar  magnetic  variometer  is  installed,  which  can 
be  read  at  the  time  of  each  solar  observation.  The  observer  is  then  aware  of 
the  state  of  the  earth's  magnetic  field  and  can  make  more  frequent  solar 
photographs  if  a  magnetic  storm  is  in  progress.  Our  records  have  already 
shown  the  occurrence  of  terrestrial  magnetic  storms  which  do  not  seem  to  be 
directly  attributable  to  sun-spots,  although  usually  an  active  spot-group  is 
visible  at  the  time  of  great  magnetic  activity.  When  a  spot-group  seems  to 
be  directly  responsible  for  such  a  storm,  the  hydrogen  spectroheliograms 
always  show  intense  activity  near  the  spots,  and  during  some  storms,  sueh 
as  that  of  April  1927,  bright  hydrogen  eruptions  are  observed  in  regions  of  the 
sun  where  no  spots  are  visible.  It  seems  probable,  as  has  been  suggested 
before,  that  these  bright  eruptions,  which  generally  occur  near  sun-spots,  are 
directly  responsible  for  large  disturbances  of  the  earth's  magnetic  field. 

PLANETARY  AND  LUNAR  OBSERVATIONS 

DIRECT  PHOTOGRAPHY 

Numerous  photographs  of  Mars,  Jupiter  and  Saturn  have  been  made 
during  the  year  by  Pease  and  Dr.  F.  E.  Ross  of  the  Yerkes  Observatory 
through  color  niters  transmitting  light  ranging  from  the  ultra  violet  to  the 
infra  red;  and  direct  photographs  of  the  moon  at  the  total  eclipse  of  June 
14-15,  1927  were  obtained  by  M.  L.  Humason  with  the  10-inch  refractor  in 
photographic  and  visual  light. 

An  important  series  of  photographs  of  Venus  was  commenced  by  Dr.  Ross 
early  in  June  and  is  being  continued  as  long  as  the  planet  is  favorably  situated 
for  observation.  Although  little  detail  is  shown  on  negatives  taken  through 
yellow  or  red  screens,  the  ultra-violet  photographs  show  a  large  amount  of 
structure  which  varied  rapidly  on  successive  nights.  Especially  prominent 
are  several  dark  belts  resembling  somewhat  those  on  Jupiter  and  roughly 
parallel  to  the  planet's  equator.  In  some  cases  these  appear  to  extend  com- 
pletely across  the  planet,  but  usually  they  are  more  prominent  near  the 
terminator.  Estimates  of  position  made  for  one  or  two  fairly  definite  details 
in  the  dark  markings  indicate  a  rotation  period  considerably  exceeding  one 
day.  Bright  areas  also  seem  to  be  present,  especially  near  the  poles  of  the 
planet. 

RADIATION  FROM  THE  MOON 

The  radiation  from  the  dark  side  of  the  moon  at  a  point  nearly  opposite 
the  sun  has  been  measured  by  Pettit  and  Nicholson  with  radiometric  appar- 
atus of  fairly  high  sensitivity,  and  gives  a  temperature  of  110°  C.  absolute. 
The  highest  temperature  assignable,  as  indicated  by  the  probable  error  of  the 
measures,  is  115°  C.  absolute.  The  observed  deflection,  0.09 ±0.05  mm.  is 
so  small,  however,  that  another  series  of  measurements  will  be  made. 

During  the  lunar  eclipse  of  June  14-15,  1927,  a  series  of  measurements  was 
obtained  of  the  radiation  from  a  point  on  the  moon,  2'  from  the  south  point, 
which  passed  about  13'  north  of  the  center  of  the  earth's  shadow.  The 
temperature  of  this  point  before  eclipse  was  350°  C.  absolute.  While  passing 
through  the  penumbra  its  temperature  fell  rapidly,  reaching  170°  C.  absolute 
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as  totality  began.  The  temperature  continued  to  fall  during  the  total  phase, 
reaching  150°  C.  absolute  at  the  end.  The  minimum  galvanometer  deflec- 
tions, 2.00  mm.  for  the  total  radiation  and  0.11  mm.  for  the  radiation  trans- 
mitted by  the  microscope  cover-glass,  were  still  large  enough  to  give  well- 
determined  temperatures.  At  the  end  of  the  eclipse  the  temperature  was 
within  10°  C.  of  that  at  the  beginning,  but  this  slight  difference  may  be  due 
to  uncertainties  in  the  atmospheric  corrections,  which  were  large  at  these 
phases,  and  to  possible  uncertainties  of  setting  on  the  limb  with  the  thermo- 
couple. 

THE  SPECTRUM  OF  THE  ECLIPSED  MOON 

A  series  of  spectrograms  was  obtained  by  Adams  and  Joy  with  the  60-inch 
reflector  and  Cassegrain  spectrograph  across  the  edge  of  the  earth's  shadow 
at  the  lunar  eclipse  of  June  14-15,  1927.  A  very  long  slit  and  plates  sensitive 
to  yellow  and  red  light  were  used.  Comparison  photographs  of  the  spectrum 
of  the  uneclipsed  moon  and  of  skylight  were  made  on  the  same  night  and  the 
following  day.  An  examination  of  the  spectrograms  shows  no  definite  evi- 
dence of  the  presence  of  additional  absorption  bands  or  lines  within  the  edge 
of  the  earth's  shadow,  but  the  spectrograms  will  be  given  further  stud}^  with 
the  aid  of  the  microphotometer. 

THE  NINTH  SATELLITE  OF  JUPITER 

Mean  elements  for  the  Ninth  Satellite  of  Jupiter  have  been  derived  by 
Nicholson  and  Miss  Losh  to  be  used  in  the  computation  of  approximate 
ephemerides,  and  an  ephemeris  has  been  computed  for  the  1927  opposition. 
A  good  series  of  observations  of  the  satellite's  position  was  obtained  during 
the  1926  opposition. 

BRIGHTNESS  OF  THE  NIGHT  SKY 

In  cooperation  with  Lord  Rayleigh  and  a  number  of  other  observers  at 
widely  separated  stations,  determinations  of  the  brightness  of  the  night  sky 
were  continued  until  early  in  February.  The  measurements  were  made 
chiefly  by  L.  H.  Humason  on  Mount  Wilson  and  Professor  F.  P.  Brackett  at 
Claremont.  After  a  series  of  observations  extending  over  about  18  months 
the  photometers,  which  were  supplied  by  Lord  Rayleigh,  have  been  recalled 
for  local  measurements  in  England.     The  results  will  be  discussed  by  him. 

RESEARCHES  ON  NEBULA 

DISTRIBUTION  OF  NEBULA 

A  survey  along  both  borders  of  the  Milky  Way  is  being  carried  out  by 
Hubble  with  the  large  reflectors,  in  an  attempt  to  define  the  limits  of  the 
region  within  which  extra-galactic  nebulae  do  not  occur.  The  absence  of 
such  objects  within  the  Milky  Way  itself  is  generally  supposed  to  be  due  to 
peripheral  belts  of  dark  clouds  which  encircle  the  galactic  system  and  obscure 
the  more  distant  regions  along  the  galactic  plane.  This  assumption  can  not 
be  adequately  criticised  until  a  comprehensive  survey  of  the  lower  galactic 
latitudes  has  been  made  with  large  instruments.  The  survey  has  already 
brought  to  light  nebulae  within  10°  of  the  Milky  Way,  but  not  within  5°. 

LUMINOSITY  FUNCTION  OF  EXTRA-GALACTIC  NEBULAE 

Hubble  is  continuing  the  investigation  of  the  luminosity  of  the  extra-galactic 
nebulae  along  two  distinct  lines  with  the  object  of  testing  the  conclusion  men- 
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tioned  in  the  last  annual  report,  that  the  range  in  luminosity  is  so  restricted 
that  the  nebulae  may  be  treated  statistically  as  equally  luminous. 

Star  counts  are  being  made  on  the  images  of  brighter  nebulas  to  determine 
the  magnitudes  of  the  brightest  stars  actually  involved.  There  is  considerable 
evidence  for  the  assumption  that  the  brightest  stars  in  these  isolated  systems 
show  a  small  range  in  intrinsic  luminosity,  and  hence  that  the  apparent 
luminosities  of  these  stars  may  be  used  as  an  approximate  measure  of  their 
distances. 

Six  definite  clusters  of  nebulas  are  being  investigated  to  determine  the 
frequency  function  of  luminosity  within  the  clusters.  A  special  survey  with 
the  100-inch  reflector  of  the  sky  adjacent  to  and  in  the  great  cluster  of  bright 
nebulas  in  Virgo,  indicates  that  the  very  faint  nebulas  do  not  concentrate  in 
the  region  of  the  cluster  in  a  manner  at  all  comparable  with  that  exhibited  by 
the  bright  nebulas.  This  result  considerably  strengthens  the  previous 
evidence  for  a  restricted  range  in  the  luminosities  of  the  cluster  nebulas. 

This  restricted  range  appears  in  the  other  smaller  clusters,  although  in 
their  case  the  descending  branches  of  the  frequency  functions  can  not  be  so 
thoroughly  observed.  The  evidence  at  present  indicates  an  average  range 
within  the  clusters  of  the  order  of  five  magnitudes,  and  further  that  the  mean 
apparent  luminosities  vary  more  or  less  directly  with  the  apparent  dimensions 
of  the  clusters  themselves.  The  nebulas  of  a  given  cluster  also  show  some 
tendency  toward  uniformit}7"  of  type. 

NOViE  IN  EXTRA-GALACTIC  NEBULA 

The  cluster  of  bright  nebulas  in  Virgo  has  been  observed  regularly  by  Hub- 
ble with  the  10-inch  photographic  telescope  in  a  search  for  exceptionally 
bright  novas,  such  as  sometimes  appear  in  extra-galactic  nebulas  and  attain 
maxima  which  represent  considerable  fractions  of  the  total  luminosities  of  the 
nebulas  in  which  they  are  involved.  No  novas  have  yet  been  found,  but  the 
search  will  be  continued  for  several  seasons. 

THE  ANDROMEDA  NEBULA 

A  general  study  of  the  great  spiral  nebula  in  Andromeda,  Messier  31,  is 
being  brought  to  completion  by  Hubble.  Some  50  variables,  of  which  36  are 
known  to  be  Cepheids,  and  75  novas  have  been  observed  thus  far.  The 
Cepheids  indicate  a  distance  very  slightly  greater  than  that  of  Messier  33, 
and  can  be  combined  with  the  35  Cepheids  in  the  latter  spiral  to  establish  a 
good  period-luminosity  curve  for  periods  between  10  and  70  days — the  limits 
within  which  the  curve  derived  from  Cepheids  in  the  Small  Magellanic  Cloud 
is  of  smallest  weight.  The  novas  afford  material  for  statistical  investigations 
which  should  give  results  of  considerable  importance.  The  apparent  pho- 
tographic magnitudes  attained  at  maxima,  for  instance,  show  a  very  small 
dispersion  around  a  mean  value  of  17.0.  At  the  distance  indicated  by  the 
Cepheids,  this  corresponds  to  an  absolute  magnitude  of  about  —5.2.  The 
frequency  of  the  novas  per  unit  area  appears  to  vary  more  or  less  directly  with 
the  surface  brightness  of  the  nebula. 

NOVA  AQUILiE  NO.  3,  1918 

In  collaboration  with  Dr.  J.  C.  Duncan,  Hubble  has  continued  the  study 
of  the  expanding  disk  of  nebulosity  around  Nova  Aquilas  No.  3,  1918,  by 
means  of  direct  photographs  and  slitless  spectrograms.     The  diameter,  which 
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is  now  about  18",  has  been  expanding  at  a  uniform  annual  rate  of  about 
2"  since  the  initial  outburst  of  the  Nova.  When  combined  with  the 
radial  velocities  measured  during  the  first  season,  this  angular  expansion 
leads  to  a  distance  of  about  360  parsecs  (x  =  0''0028)  which  is  believed  to  be  fairly 
reliable.  The  disk  gives  an  emission  spectrum  in  which  X4686  is  the  strongest 
line,  while  the  Balmer  lines  H/3,  H7  and  H«5  are  about  half  as  strong,  and 
the  nebulium  line  N  is  represented  by  a  faint  trace.  These  intensities  differ 
conspicuously  from  those  observed  during  the  first  few  years,  when  the  nebu- 
lium lines  were  the  strongest  of  all,  and  represent  the  transition  of  spectral  type 
recognized  in  the  case  of  other  temporary  stars. 

NEBULAR  SPECTROSCOPY 

Photographs  of  the  spectrum  of  the  nucleus  of  the  Andromeda  nebula  and 
of  the  companion  nebula  N.G.C.  221  have  been  obtained  by  M.  L.  Humason 
with  the  Cassegrain  spectrograph  attached  to  the  100-inch  telescope.  A 
10-inch  camera  was  used  and  the  exposure  times  amounted  to  75  and  32 
hours,  respectively,  during  which  constant  temperature  was  maintained  in 
the  spectrograph. 

The  radial  velocities  derived  from  the  spectrograms  are  —220  km. /sec.  for 
the  Andromeda  nebula  and  —185  km. /sec.  for  N.G.C.  221.  Previous  values 
obtained  with  low-dispersion  spectrographs  at  various  observatories  have 
been  close  to  —300  km. /sec.  The  spectral  types  and  the  absolute  magnitudes 
are  very  similar  to  those  for  the  sun  and  make  it  probable  that  the  nuclei  of 
the  two  nebulas  are  composed  of  dwarf  stars  of  the  solar  type. 

The  spectrum  of  the  knot  of  emission  nebulosity  3'  north  and  11'  east  of 
the  nucleus  of  Messier  101  has  been  photographed  by  Humason  with  a  spectro- 
graph of  low  dispersion.  The  radial  velocity  derived  from  the  bright  lines 
on  two  spectrograms  is  +200  km. /sec.  The  relative  intensities  of  the  observ- 
able bright  lines  are:  Ni,  10;  N2,  3;  H/3,  2;  X4363,  0;  H7,  1. 

Several  other  faint  nebulae,  as  well  as  Nova  Aquilaa  1918  and  Nova  Cygni 
1920,  have  been  observed  by  Humason  with  the  same  spectrograph. 

RESEARCHES  ON  STARS 

TRIGONOMETRIC  PARALLAXES 

The  measurement  of  parallaxes  by  the  trigonometric  method  has  been 
continued  by  van  Maanen,  and  during  the  year  he  has  secured  135  photo- 
graphs with  247  exposures  at  the  primary  focus  of  the  100-inch  reflector  and 
145  photographs  with  266  exposures  at  the  Cassegrain  focus  of  the  60-inch 
reflector.  Parallaxes  have  been  derived  from  19  fields.  Two  of  the  values 
are  so  large  as  to  be  of  exceptional  interest.  The  proper  motions,  parallaxes, 
apparent  and  absolute  photographic  magnitudes  for  the  two  stars  are  as  fol- 
lows: 

fj.  ir  m  M 

Wolf  359  4?84  +0':404±0''009  15.5         18.5 

BD  -12°4523      1.24  +0.350  (11.5)        14.2 

These  are  the  third  and  fifth  nearest  stars  known,  and  Wolf  359  is  by  far 
the  faintest  star  intrinsically  of  which  we  have  any  knowledge  at  present. 
Its  visual  light  is  about  one  fifty-thousandth  that  of  the  sun,  and  photograph- 
ically it  is  still  fainter. 
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For  two  stars  near  the  center  of  N.G.C.  1952,  the  Crab  nebula,  relative 
parallaxes  of  07009  ±07002  and  +07004  ±07004  have  been  derived.  A 
relative  parallax  of  +07012  ± 07005  has  been  found  for  Nova  Sagittas  No.  2, 
which  reached  its  maximum  brightness  on  November  22,  1913.  The  proper 
motion  is  found  to  be  exceptionally  large  for  objects  of  this  class,  amounting 
to  07080.  With  an  absolute  parallax  of  +07013,  the  absolute  magnitude  of 
the  star  would  be  +10.8  at  the  present  time  and  +2.8  at  maximum  of  light, 
and  the  tangential  velocity  29  km. /sec.  Any  considerable  reduction  in  the 
parallax  would  lead  to  a  much  larger  value  of  the  tangential  velocity  than  is 
believed  to  exist  among  the  novas. 

PROPER  MOTIONS 

Van  Maanen  has  also  obtained  40  photographs  with  48  exposures  with  the 
100-inch  reflector  and  55  photographs  with  92  exposures  with  the  60-inch  for 
the  determination  of  proper  motions.  Most  of  these  are  first-epoch  plates 
for  the  study  of  spiral  nebulas  and  Cepheid  variables.  Measurements  have 
been  completed  upon  two  pairs  of  negatives  of  the  globular  star  clusters 
Messier  2  and  13  taken  at  the  25-foot  focus  of  the  60-inch  reflector  with  inter- 
vals of  15  and  14  years,  respectively.  A  combination  of  these  results  with 
those  obtained  at  the  80-foot  focus,  to  which  reference  was  made  in  the  last 
annual  report,  leads  to  the  conclusion  that  no  internal  motion  exceeding 
07002  annually  is  present,  and  that  there  is  no  tangential  motion  such  as  was 
found  among  the  spiral  nebulas.  The  annual  proper  motions  of  Messier  13, 
56  and  2  are  small  and  amount  to  07001,  07007  and  07007,  respectively. 

DOUBLE  STARS  AND  VARIABLES 

Photographic  observations  of  double  stars  have  been  continued  by  van 
Maanen  and  Dr.  Osgood,  and  57  negatives  with  853  exposures  have  been 
obtained.  Measurements  by  van  Maanen  of  15  photographs  show  a  mean 
probable  error  of  070026  in  right  ascension  or  declination.  Dr.  Osgood  is 
utilizing  the  photographs  in  a  determination  of  the  parallaxes  of  these  stars 
through  the  aid  of  the  relationships  connecting  parallax,  mass,  apparent 
distance  and  apparent  motion. 

Sixteen  photographs  of  the  Orion  nebula  have  been  made  by  van  Maanen 
with  the  100-inch  reflector  for  the  use  of  Dr.  Schilt,  who  is  investigating  the 
variable  stars  in  this  neighborhood. 

STELLAR  PHOTOMETRY  AND  THE  DISTRIBUTION  OF  STARS 
Photovisual  Magnitudes  and  Color  Indices 

Miss  Joyner  has  continued  the  measures  and  provisional  reductions  for 
photovisual  magnitudes  and  color  indices  in  the  Selected  Areas.  All  of  the 
250  plates  for  the  photovisual  program  have  been  measured  once,  and  only  a 
fifth  of  the  total  have  still  to  be  measured  a  second  time.  The  measures 
of  the  exposure-ratio  photographs  for  color  indices  are  practically  complete 
for  the  30°  zone,  and  about  two-thirds  finished  for  the  zone  at  45°. 

Systematic  Deviations  from  the  Mean  Stellar  Distribution 

The  investigations  on  stellar  distribution  have  been  continued  by  Seares 
with  the  assistance  of  Miss  Joyner.  The  most  important  deviations  from  the 
mean  surface  density  may  be  represented  by  a  formula  involving  a  cosine  term 
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in  galactic  longitude.  This  formula  is  based  on  the  provisional  hypothesis 
that  the  sun  is  eccentrically  located  within  a  stellar  system  having  spheroidal 
symmetry,  the  center  of  the  system  being  in  the  direction  of  longitude  L. 
The  formula  also  provides  for  a  correction  to  the  position  of  the  galactic  pole, 
involving  p  and  L0,  the  polar  distance  and  longitude,  respectively,  of  the 
calculated  pole  relative  to  that  found  by  Gould  from  the  Milky  Way  Clouds. 
Solutions  for  the  same  limiting  magnitude  from  data  for  different  galactic 
latitudes  up  to  70°  give  generally  accordant  results  for  L,  p  and  L0.  The 
mean  values  for  five  different  limits  show,  however,  a  marked  variation  with 
magnitude. 


Ratios  in  numbers  of  stars 
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In  conjunction  with  similar  results  for  brighter  stars,  these  means  reveal  a 
progression  in  the  longitude  of  the  center  of  the  system  and  in  the  position  of 
the  galactic  plane  which  begins  with  the  lucid  stars  and  continues  to  the 
faintest  limit  for  which  data  are  available.  The  initial  values  agree  closely 
with  those  of  Charlier  and  Shapley  for  the  local  cluster  of  bright  helium  stars, 
and  the  sequence  seems  to  terminate  with  Shapley's  center  for  the  globular 
clusters  and  Gould's  position  for  the  galactic  plane. 

The  terms  in  the  formula  which  relate  to  the  eccentric  location  of  the  sun 
are  ±G+F  cos  (X  — L),  in  which  G  and  F  depend  on  the  latitude,  the  space- 
density,  and  the  coordinates  of  the  center  of  the  stellar  system  relative  to  the 
sun.  G  and  F  are  found  to  vary  with  the  limiting  magnitude,  which  is  not 
surprising;  but  it  appears  that  the  coordinates  themselves  also  depend  on 
magnitude,  a  complication  not  provided  for  by  the  provisional  hypothesis  of 
a  spheroidal  system,  which,  like  the  change  in  L,  p  and  L0,  is  attributed  to  the 
influence  of  the  local  cluster.  Disregard  of  these  variations  and  strict  adher- 
ence to  the  hypothesis  led  to  the  rough  value  of  1,200  parsecs  given  in  the  last 
report  for  the  distance  of  the  sun  from  the  center  of  the  system  defined  by 
stars  brighter  than  the  eighteenth  magnitude.  Further  discussion  shows, 
however,  that  the  interpretation  of  this  and  similar  results  by  others  is  prob- 
ably not  that  hitherto  supposed,  and  that  the  real  distance  from  the  center 
may  be  very  much  greater. 

Although  the  determination  of  the  coordinates  of  the  center  meets  with 
difficulty,  the  reduction  formula  may  be  utilized  to  calculate  mean  values  of 
G  and  F  for  latitudes  0°  and  90°,  based  on  the  deviations  for  all  latitudes 
between  70°  north  and  70°  south.  The  results  are  logarithms  of  the  ratios  of 
the  numbers  of  stars  seen  in  the  direction  of  latitudes  +90°  and  —90°,  and, 
in  the  galactic  plane,  in  the  direction  of  longitudes  L  and  L+180°.  The 
ratios  themselves  appear  in  the  last  two  columns  of  the  above  table. 
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These  ratios  bear  an  important  relation  to  the  distribution  of  space  density, 
for  they  may  be  used  to  derive  the  ratios  of  total  light  received  from  stars  in 
the  various  directions,  and  these  are  numerically  equal  to  the  corresponding 
ratios  of  the  integrated  space  density.  For  the  direction  of  the  center  and  its 
opposite,  the  ratio  of  the  integrated  densities  turns  out  to  be  3.0. 

The  residuals  given  by  the  formula  of  reduction,  which  represent  deviations 
unaccounted  for  by  the  hypothesis  of  a  spheroidal  system,  are  clearly  sys- 
tematic; but  it  does  not  seem  profitable  to  attempt  to  represent  them  at 
present  by  higher  harmonics.  Near  the  Milky  Way  the  average  deviation 
corresponds  to  25  or  even  30  per  cent  in  the  number  of  stars  per  unit  area; 
above  latitude  40°,  the  average  departure  is  8  to  10  per  cent. 

Dominance  of  the  Local  Cluster 

The  isolation  of  the  group  of  bright  helium  stars  near  the  sun  suggests 
that  it  may  be  regarded  as  the  nucleus  of  the  local  cluster,  and  that,  as  such, 
its  fundamental  plane  probably  coincides  with  the  plane  defined  by  the 
cluster  as  a  whole.  If  this  be  admitted,  it  follows  that  most  of  the  stars 
brighter  than  the  sixth  magnitude  belong  to  the  local  cluster,  for  the  funda- 
mental plane  defined  by  all  of  these  objects — cluster  and  non-cluster  stars 
together — is  nearly  the  same  as  that  for  the  bright  helium  stars.  If  any 
considerable  fraction  belonged  to  the  larger  system,  the  influence  of  the  plane 
of  the  Milky  Way  would  appear  in  the  results,  which  seems  not  to  be  the  case. 
This  conclusion  is  confirmed  by  the  values  for  the  longitude  of  the  center 
and  indicates  that  the  local  cluster  predominates  in  determining  the  space 
density  near  the  sun. 

The  contribution  of  the  local  cluster  to  the  neighboring  space  density  may 
be  estimated  by  noting  that  for  a  limiting  magnitude  corresponding  to  median 
values  of  L,  p  and  L0  the  cluster  and  non-cluster  stars  must  be  approximately 
equal  in  numbers.  This  limit  is  around  the  eleventh  or  twelfth  magnitude, 
and  the  mean  distance  of  the  stars  involved  is  of  the  order  of  700  parsecs. 
The  mean  total  space-density  in  the  galactic  plane  at  this  distance,  to  which 
cluster  and  non-cluster  stars  contribute  equally,  is  known  to  be  about  half 
that  near  the  sun.  The  density  of  non-cluster  stars  near  the  sun  must  be 
about  the  same  as  the  mean  for  these  stars  at  700  parsecs,  or  0.25,  whence  it 
follows  that  the  local  cluster  has  in  this  region  about  three  times  as  many 
stars  per  unit  volume  as  the  larger  system. 

The  size  assigned  to  the  local  cluster  has  been  determined  hitherto  largely 
by  the  extent  of  the  nucleus  of  bright  helium  stars,  which  has  a  diameter  of 
about  a  thousand  parsecs,  although  most  of  the  stars  are  within  300  parsecs. 
The  influence  of  the  cluster  on  the  values  of  L,  p  and  L0  can  be  traced,  how- 
ever, to  at  least  the  fifteenth  magnitude,  and  it  is  therefore  probable  that 
stars  belonging  to  the  cluster  are  to  be  found  at  distances  of  3,000  parsecs 
or  more. 

The  Problem  of  Space  Density 

Determinations  of  space-density  based  on  the  luminosity  function  and 
observed  surface-densities  involve  a  serious  practical  difficulty.  Because  of 
the  enormous  range  in  stellar  luminosity,  any  fluctuation  in  space-density, 
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even  if  sharp  and  narrow  as  in  the  case  of  a  condensed  cluster,  affects  the 
surface  counts  of  stars  over  a  range  of  15  or  20  units  of  apparent  magnitude, 
but  without  changing  by  any  large  amount  the  number  for  any  given  magni 
tude.  Irregularities  in  space-density  must  therefore  be  determined  from 
broad  flat  maxima  in  the  star  counts,  frequently  overlapping  and  often  so 
inconspicuous  that  they  are  lost  altogether  in  the  observational  and  statistical 
uncertainties  affecting  the  data.  Calculated  densities  are  thus  likely  to  be 
more  or  less  those  which  would  result  from  a  smoothing  out  of  all  existing 
irregularities  into  a  continuous  progressive  change. 

For  a  succession  of  fluctuations  in  space  density  in  the  same  line  of  sight 
the  problem  becomes  practically  indeterminate.  As  an  illustration,  the  stars 
in  any  direction  might  be  shifted  in  distance  so  that  all  would  lie  on  the 
surfaces  of  a  series  of  concentric  spheres,  the  radius  of  each  sphere  being  twice 
that  of  the  next  inner  sphere,  without  changing  the  apparent  brightness  of 
any  star  by  more  than  three-fourths  of  a  magnitude.  The  surface  distribu- 
tion corresponding  to  this  discontinuous  arrangement  could  not,  however,  in 
any  practical  problem,  be  distinguished  from  that  actually  observed,  or  from 
one  corresponding  to  a  space  distribution  in  which  there  were  no  fluctuations 
in  density,  but  only  a  continuous  decrease.  In  most  cases  a  continuous 
decrease  is  what  is  found  from  calculations  based  on  surface-density;  but  it 
must  be  recognized  that  other  interpretations  are  possible.  In  particular, 
large  and  more  or  less  isolated  aggregations  of  stars  may  exist,  especially  at 
great  distances,  without  our  being  able  to  detect  them.  Groups  and  clusters 
of  distant  stars  do  reveal  themselves,  however;  we  actually  see  them  as  such, 
but  largely  because  of  contrast  in  surface-density  with  adjacent  regions  of 
the  sky.  In  the  case  of  large  aggregations,  scattered  more  or  less  at  random, 
the  effect  of  contrast  is  greatly  reduced,  if  not  wholly  obliterated,  by  the  size 
of  the  star  clouds  and  the  overlapping  of  their  boundaries.  Such  clouds 
may  wholly  lose  their  identity,  because  the  fluctuations  in  space-density  can 
not  be  disentangled  from  the  slender  indications  afforded  by  star  counts. 

Some  Structural  Features  or  the  Galactic  System 

Strict  adherence  to  the  hypothesis  of  a  spheroidal  stellar  system  and  an 
eccentrically  located  sun  would  mean  that  the  space-density  in  the  direction 
of  the  center  should  increase  for  a  thousand  parsecs  or  so.  Recognition  of 
the  large  part  played  by  the  local  cluster  in  determining  the  space-density 
near  the  sun  makes  such  an  increase  doubtful.  Examination  of  the  density 
in  the  galactic  plane,  for  which  an  average  in  all  longitudes  is  available,  shows 
that  there  can  be  no  general  increase  in  density  in  any  direction.  More 
definite  still  is  the  evidence  afforded  by  the  star  ratios  for  successive  mag- 
nitudes derived  from  counts  of  stars  in  the  Draper  Catalogue.  Even  in  the 
direction  of  the  center  of  the  system,  these  ratios  are  less  than  the  critical 
value  of  3.98  corresponding  to  constant  space  density.  With  minor  excep- 
tions, and  with  the  important  reservation  discussed  in  the  preceding  section, 
the  space-density  must  therefore  decrease  in  all  directions  with  increasing 
distance  from  the  sun.  The  large  variation  of  surface-density  with  longitude 
shows,  however,  that  the  decrease  must  be  unsymmetrical,  and  slowest  in  the 
direction  of  the  center.     A  calculation  by  Schwarzschild's  method  gives  the 
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following  results  for  the  directions  L  and  L+180°,  the  last  two  lines  being  the 
distances  in  parsecs  corresponding  to  the  densities  in  the  first  line. 
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No  great  accuracy  is  to  be  credited  to  these  results  because  the  method  of 
calculation  requires  a  gaussian  curve  for  the  luminosity  function,  which  does 
not  fully  agree  with  the  actual  distribution  of  luminosity.  The  densities 
probably  decrease  too  slowly,  but  the  very  conspicuous  dissymmetry  shown 
by  them  is  open  to  no  doubt;  and  the  ratio  of  the  total  density  in  the  two  direc- 
tions is  3.0,  in  agreement  with  the  predicted  ratio. 

These  results  illustrate  the  difficulty  involved  in  locating  the  center  of  the 
system.  Any  central  condensation,  if  relatively  near,  is  masked  by  the  local 
cluster,  or,  if  distant,  is  lost  in  the  general  smoothing  out  of  space  density  or 
for  other  reasons.  The  contours  of  equal  density,  even  for  small  densities, 
are  not  concentric,  and  can  not,  therefore,  be  used  as  a  criterion  for  fixing 
the  geometrical  center.  An  attempt  to  resolve  the  calculated  densities  into 
two  symmetrical  curves,  one  concentric  with  the  sun,  or  nearly  so,  represent- 
ing the  local  cluster,  the  other,  representing  the  larger  system,  shows  that  no 
such  resolution  is  possible.  The  adoption  of  a  symmetrical  curve  for  the 
local  cluster  gives,  however,  an  asymmetrical  but  not  improbable  succession 
of  densities  for  the  larger  system ;  and  it  is  perhaps  significant  that  a  resolution 
which  results  in  great  regularity  for  the  larger  system  is  one  which  assigns  to 
the  local  cluster  characteristics  already  indicated  by  other  evidence — a  3  to  1 
ratio  of  cluster  and  non-cluster  stars  near  the  sun,  an  equal  mixture,  on  the 
average,  at  a  distance  of  700  parsecs,  and  a  radius  for  the  cluster  of  some  3,000 
or  4,000  parsecs. 

The  maximum  space  density  thus  found  for  the  larger  system  is  approxi- 
mately half  the  total  density  near  the  sun  and  occurs  at  a  distance  of  about 
1,000  parsecs  in  the  direction  of  the  center  of  the  system.  A  moderate  asym- 
metry in  the  local  cluster  would  displace  this  maximum  to  a  distance  of  2,000 
parsecs.  Whatever  the  exact  distance,  there  can  be  no  serious  doubt  that  the 
space-density  of  the  non-cluster  stars  increases  for  some  distance  in  the 
direction  of  the  center  and  that  the  position  of  the  maximum  is  that  previously 
assigned  to  the  center  itself.  Now,  however,  it  appears  improbable  that  the 
maximum  in  question  should  be  at  the  geometrical  center  of  the  system. 
The  contours  of  constant  density  for  the  larger  system,  uncertain  as  they  are, 
indicate  a  much  larger  distance.  The  absence  of  a  corresponding  central 
maximum  is  probably  to  be  explained,  partly  by  the  smoothing  of  the  calcu- 
lated densities  and  partly  as  a  result  of  absorption.  The  two  branches  of 
the  Milky  Way,  separated  by  obscuring  material  as  apparently  they  are, 
present  too  close  an  analogy  with  the  conspicuous  absorption  in  edge-on  spirals 
to  be  disregarded.  A  distant  central  condensation,  surrounded  by  stars,  star 
clouds  and  obscuring  material  scattered  along  the  galactic  plane,  with  a 
cloud  at  a  distance  of  a  thousand  or  two  parsecs  in  the  direction  of  the  center, 
and,  finally,  with  the  local  cluster  nearly  concentric  with  the  sun,  may  well 
give  a  smoothed  curve  of  space-density  similar  to  that  derived  from  the  star 
counts.  This  being  the  case,  there  seems  to  be  no  serious  conflict  between 
any  of  the  observational  data  and  the  center  found  by  Shapley  from  the 
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globular  clusters.  This  he  placed  at  a  distance  of  20,000  parsecs  in  longitude 
325°.  There  is  certainly  agreement  in  longitude,  and  any  hesitation  in 
accepting  Shapley's  value  of  the  distance  arises  chiefly  from  a  feeling  that  the 
ill-defined  and  widely-scattered  collection  of  a  hundred  or  so  clusters  may  not 
be  closely  concentric  with  the  system  of  the  stars. 

STELLAR  SPECTROSCOPY 

The  15-foot  prismatic  spectrograph  at  the  coude  focus  of  the  100-inch 
reflector  has  been  employed  for  observations  of  a  considerable  number  of  the 
brighter  stars  during  the  year.  Photographs  of  the  spectra  of  Mars,  Jupiter 
and  the  Moon  have  also  been  obtained  with  this  instrument.  The  spectro- 
grams which  cover  the  region  X4150  — X6700  are  proving  of  great  value  for 
studies  of  the  identification  and  intensities  of  lines,  the  behavior  of  lines  of 
different  atomic  energy  levels,  and  the  displacements  of  lines  of  different 
elements  and  different  intensities.  An  accurate  temperature  control  has 
been  installed  in  the  prism  box  to  provide  for  the  possibility  of  observations 
extending  over  several  nights.  Photographs  of  the  spectra  of  Sirius  and 
Arcturus  have  also  been  made  with  this  spectrograph,  and  a  dispersion  of  two 
prisms  through  which  the  light  is  returned  by  a  mirror,  thus  giving  the 
equivalent  of  a  dispersion  of  four  prisms.  The  resulting  negatives  have  at 
H7  a  linear  scale  of  slightly  more  than  1  mm.  to  the  angstrom,  or  about  that 
of  Rowland's  original  negatives  of  the  solar  spectrum.  This  is  by  far  the 
largest  scale  ever  employed  for  stellar  spectra. 

The  one-prism  stellar  spectrograph  used  at  the  Cassegrain  focus  of  the 
100-inch  reflector  was  replaced  in  September  by  a  new  instrument  constructed 
almost  wholly  of  aluminum  and  designed  and  built  in  the  instrument  shop. 
In  convenience  of  operation  and  freedom  from  flexure  and  temperature  dis- 
turbances, this  spectrograph  is  much  superior  to  that  previously  used.  Photo- 
graphs of  the  spectrum  of  the  Andromeda  Nebula  extending  over  ten  nights 
have  been  made  with  this  spectrograph,  and  still  fainter  objects  have  been 
observed  with  a  small  instrument  placed  in  the  plate-holder  opening  at  the 
same  focus.  Recently  a  spectrogram  of  Wolf  359  having  a  photographic 
magnitude  of  15.5  was  obtained  with  this  spectrograph  which  yielded  a  good 
determination  of  spectral  type  and  an  approximate  radial  velocity. 

Most  of  the  spectroscopic  observations  of  the  year  have  been  carried  on  by 
Adams,  M.  L.  Humason,  Joy,  Merrill,  Sanford  and  Stromberg,  Dr.  Schilt 
and  Dr.  Struve  taking  part  during  a  portion  of  their  stay  at  the  Observatory. 
Of  a  total  of  1,203  spectrograms  obtained  with  the  Cassegrain  spectrographs, 
748  were  made  with  the  60-inch,  and  455  with  the  100-inch  reflector,  294  of 
which  were  of  stars  fainter  than  8.0  visually.  In  addition  to  these,  62  spectro- 
grams were  taken  with  the  15-foot  coude  spectrograph,  and  a  considerable 
number  with  the  plane-grating,  ultra-violet,  and  low-dispersion  instruments. 
The  observing  list  has  included  numerous  faint  Cepheid  variables  in  addition 
to  faint  dwarf  stars  of  all  types,  giant  G  and  K-type  stars,  variables,  spectro- 
scopic binaries,  and  stars  of  types  O  and  Be. 

Radial  Velocities 

Measurements  of  radial  velocity  have  been  continued  throughout  the  year 
by  the  spectroscopic  observers  with  the  assistance  of  Miss  Brayton,  Mrs. 
Coffeen,  Miss  MacCormack  and  Miss  Wiberg.     The  velocities  of  about 
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100  stars  have  been  determined  from  measurements  of  three  or  more  spectro- 
grams. An  important  part  of  the  observing  program  is  the  determination 
of  the  approximate  radial  velocities  of  the  fainter  Cepheid  variables  from 
photographs  made  at  maximum  and  minimum  of  light  and  a  few  intermediate 
phases.  Such  measures  are  essential  to  investigations  of  the  mean  parallax 
and  absolute  magnitudes  of  this  class  of  stars. 

Some  of  the  more  interesting  of  the  radial-velocity  observations  may  be 
summarized  briefly. 

(1)  The  following  stars  have  been  found  to  have  unusually  large  radial 
velocities : 

BD+32°2547         -62  km./sec.  Boss  5S20  -88  km./sec. 

Boss  4624  -74  BD-8°6177  -98 

The  first  and  last  of  these  are  dwarfs;  the  other  two  are  giants. 

Three  Cepheid  variables  with  periods  between  45  and  67  days  also  show 
unusually  high  average  velocities.  These  are  UU  Herculis,  —130  km/sec; 
SZ  Cassiopeise,  —70  km/sec;  TX  Ophiuchi,  — 170  km/sec. 

(2)  The  orbits  of  several  spectroscopic  binaries  have  been  under  investiga- 
tion by  Sanford.  The  binary  Boss  5683  shows  the  spectra  of  both  stars, 
each  of  which  is  a  dwarf.  The  period  of  revolution  is  1.1522  days,  the  semi- 
amplitudes  of  velocity-variation  are  106  and  112  km/sec,  the  orbits  essentially 
circular,  and  the  minimum  masses  0.65  and  0.61  that  of  the  sun.  A  period  of 
23.5  days  has  been  found  to  satisfy  the  28  observations  of  the  radial  velocity 
of  the  fainter  component  of  Lalande  22069,  which  is  a  dwarf  spectroscopic 
binary  of  advanced  spectral  type,  and  the  orbit  will  be  determined  from  these 
measures. 

(3)  Sanford  has  also  made  a  series  of  50  observations  of  the  radial  velocity 
of  T  Monocerotis,  a  Cepheid  variable  with  the  long  period  of  27  days.  The 
maximum  and  minimum  velocities  are  found  to  be  +54  and  +4  km/sec, 
respectively.  As  in  the  case  of  Cepheids  of  shorter  period,  the  minimum 
positive  velocity  and  the  greatest  intensity  of  the  enhanced  lines  occur  at 
maximum  of  light.  Both  photometric  and  spectroscopic  observations 
indicate  a  slight  progressive  increase  in  the  length  of  period. 

A  number  of  spectrograms  of  the  variable  star  RU  Camelopardalis,  which 
cover  nearly  all  phases  of  light  variation,  show  a  definite  range  in  radial 
velocity  of  about  35  km./sec,  the  maximum  velocity  occurring  about  five  days, 
and  the  minimum  velocity  13  days,  after  minimum  of  light.  The  spectral 
type  varies  with  the  phase  of  light  from  R  with  emission  lines  of  hydrogen, 
through  K,  to  R  with  absorption  lines  of  hydrogen. 

(4)  Provisional  elements  and  dimensions  for  the  eclipsing  binary  S  Antlise 
have  been  determined  by  Joy  from  19  spectrograms,  and  fairly  good  orbits 
have  been  derived  for  both  components  in  spite  of  the  poor  quality  of  the 
spectral  lines.  The  eclipse  is  partial,  with  the  two  stars  very  close  together 
and  much  elongated.  The  maximum  difference  in  radial  velocity  is  230 
km./sec.  The  absolute  dimensions  determined  from  the  spectrographic  and 
photometric  orbits  give  values  of  the  masses  of  0.75  and  0.42  the  sun's  mass, 
and  densities  0.31  and  0.38  the  sun's  density. 

(5)  The  orbit  of  the  interesting  spectroscopic  binary  H.  D.  163181  has  been 
investigated  by  Humason  and  Nicholson.  The  spectral  type  is  B2c,  the 
period  12.004  days,  and  the  range  in  velocity  400  km/sec.     The  minimum 
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mass  is  35  times  that  of  the  sun,  which  makes  this  one  of  the  most  massive 
stars  known. 

(6)  The  spectral  type  and  radial  velocity  of  Wolf  359,  found  by  van  Maanen 
to  have  a  photographic  absolute  magnitude  of  +18.5,  have  been  determined 
by  Humason  from  observations  with  a  low-dispersion  spectrograph.  The 
spectrum  is  of  type  M6e,  and  the  bright  hydrogen  lines  give  a  radial  velocity 
of  about  —90  km/sec. 

(7)  In  continuation  of  the  program  of  observations  of  stars  in  the  Selected 
Areas,  M.  L.  Humason  has  obtained  61  spectrograms.  The  total  number 
of  stars  with  radial  velocities  measured  on  one  or  more  plates  is  now  196. 

Spectra  of  Some  Important  Variable  Stars 

The  study  by  Joy  of  the  spectroscopic  behavior  of  the  long-period  variable 
star  o  Ceti,  to  which  reference  was  made  in  the  report  of  last  year,  has  been 
completed  and  published,  and  forms  the  most  extensive  investigation  of  the 
spectrum  of  an  individual  star  so  far  undertaken  at  the  Observatory.  The 
observations,  which  have  extended  over  a  period  of  10  years,  have  made  it 
possible  to  examine  at  all  phases  of  the  light  variation  the  changes  in  radial 
velocity,  the  intensities  of  the  absorption  and  emission  lines,  the  identification 
of  the  bands,  and  the  interpretation  of  the  physical  conditions  prevailing  in 
the  star's  atmosphere.  Recognition  of  the  important  part  played  by  titanium 
absorption  and  low  temperature  in  o  Ceti  has  simplified  the  problem  of  long- 
period  variation,  and  the  existence  of  some  form  of  pulsation  in  these  stars  is 
indicated  by  the  changes  in  radial  velocity.  High-dispersion  photographs 
taken  with  the  coude  spectrograph  are  being  used  for  the  study  of  the  structure 
of  the  hydrogen  lines  at  maximum  of  light  and  the  identification  of  the  fainter 
absorption  lines. 

An  investigation  by  Joy  of  the  spectrum  of  W  Serpentis  shows  that  at 
minimum  light  the  bright  edges  of  the  hydrogen  lines  increase  in  strength, 
and  that  several  bright  lines  of  ionized  iron,  together  with  some  unidentified 
lines  found  in  the  spectrum  of  W  Cephei  and  other  stars,  appear  in  consider- 
able intensity.  The  velocity-curve  shows  a  range  of  33  km. /sec,  and  the 
small  eccentricity  and  the  relationship  of  maximum  and  minimum  velocity 
to  phase  point  to  an  eclipsing  rather  than  a  Cepheid  type  of  variation. 

The  faintness  of  the  G-type  companion  of  the  eclipsing  system  U  Sagittae 
limits  the  possibility  of  observations  to  the  time  of  total  eclipse.  By  com- 
paring the  slope  of  the  radial- velocity  curve  with  that  of  the  primary,  Joy 
has  deduced  a  mass  for  the  companion  of  less  than  one-third  that  of  the 
B-type  primary. 

The  spectra  of  a  number  of  M-type  variables  with  periods  less  than  100 
days  have  also  been  investigated  by  Joy.  The  titanium  bands  are  invariably 
strong,  corresponding  to  types  M5-M7,  but  no  bright  lines  have  been  observed 
except  in  the  case  of  T  Centauri.     The  average  radial  velocity  is  high. 

Red  Stars 

Class  S — Further  studies  by  Merrill  have  confirmed  the  earlier  conclusion 
that  S-type  stars  are  closely  related  to  giant  stars  of  class  M,  and  have  shown 
that  the  temperature  ranges  of  the  two  classes  overlap.  The  most  important 
underlying  difference  between  the  two  types  is  probably  one  of  density. 
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Lower  density  for  S-type  stars  is  indicated  by  the  greater  intensity  of  enhanced 
lines,  and  by  the  relatively  long  periods  of  the  variables.  No  observational 
fact  seems  inconsistent  with  this  explanation.  It  thus  seems  probable  that 
S-type  stars  bear  much  the  same  relationship  to  those  of  class  M  that  Cepheids 
and  pseudo-Cepheids  bear  to  ordinary  F-  and  G-type  stars. 

Certain  spectral  features  observed  only  in  long-period  variables  exhibit 
similar  behavior  in  classes  M  and  S  and  indicate  that  the  circumstances 
accompanying  the  variation,  if  not  its  fundamental  cause,  are  the  same  in 
both  classes.  Some  other  effects,  however,  seem  to  be  closely  correlated  with 
the  intensity  of  the  titanium  bands.  These  are  (1)  weakness  of  bright  Ha, 
H/3  and  H7  in  comparison  with  H<5  and  the  ultra-violet  Balmer  lines;  (2) 
weakness  of  certain  ultimate  absorption  lines,  notably  Di  and  D2  of  sodium 
and  X  4607  of  strontium ;  (3)  weakness  of  the  continuous  spectrum  from  X  4200 
toward  longer  wave-lengths,  often  made  evident  by  surprisingly  great  relative 
intensity  in  the  region  X  4100  to  4200.  These  effects  may  be  caused  by  the 
heavy  absorption  of  a  relatively  high  stratum  of  titanium  oxide.  S-type 
stars  will  be  useful  in  studying  this  and  similar  problems  of  red  stars. 

Class  Me — Several  variables  of  class  Me  are  being  observed  extensively  in 
order  to  ascertain  to  what  extent  the  cyclic  behavior  of  spectral  details  varies 
with  the  length  of  period  and  with  the  spectral  subdivision  at  maximum. 
These  stars  include  U  Orionis,  R  Leonis,  R  Hydrse,  U  Herculis,  X  Cygni  and 
R  Cassiopeiae.     Joy  is  cooperating  in  the  study  of  R  Virginis. 

Radial-velocity  determinations  have  been  made  for  a  number  of  variables 
not  previously  observed. 

A  Search  for  Stars  of  Vert  Low  Temperature 

The  sequence  of  giant  stars  seems  to  terminate  abruptly  with  a  group  of 
long-period  variables  of  classes  M6e  to  M8e,  whose  effective  temperatures  at 
maximum  are  slightly  above  2000°  C.  Still  cooler  stars  are  not  known  in  spite 
of  the  fact  that  observational  methods  are  apparently  competent  to  reveal 
them.  Merrill  and  Humason  have  given  further  consideration  to  this  prob- 
lem but,  with  the  possible  exception  of  one  faint  object  near  the  Trifid 
nebula,  have  found  no  stars  cooler  than  those  already  known.  The  evidence 
is  strong  that  a  real  discontinuity  in  brightness  exists  in  the  giant  sequence 
at  a  temperature  just  below  that  of  the  Me  variables.  The  fact  that  the 
coolest  known  stars  are  all  long-period  variables  may  indicate  physical 
instability  at  their  temperatures.  Still  cooler  stars,  if  they  exist,  may 
resemble  long-period  variables  at  minimum. 

R  Aqtjarii 

The  spectrum  of  the  long-period  variable  star  R  Aquarii  has  been  observed 
by  Merrill  at  seven  minima  since  the  discovery  of  the  nebular  lines  in  the 
autumn  of  1919.  At  these  times  the  blue-violet  spectrum  differs  widely 
from  the  usual  variable-star  spectrum  and  resembles  that  of  a  planetary 
nebula  and  its  nucleus.  The  following  remarks  refer  to  this  nebular  (or 
nuclear)  spectrum.  In  1920  the  nebular  lines  were  strong  and  the  continuous 
spectrum  weak.  During  the  next  three  years  the  continuous  spectrum  and 
bright  lines  which  might  be  associated  with  the  nucleus  became  considerably 
stronger.    Then  for  two  years,  1924  and  1925,  no  further  striking  develop- 
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ments  were  noted.  In  July  and  September  1926,  the  nebular  lines  and  the 
nuclear  spectrum  seemed  weak,  but  by  December  a  striking  transformation 
had  taken  place.  The  continuous  spectrum  was  then  much  stronger  than  at 
any  other  time  during  the  Mount  Wilson  observations,  and  the  general  char- 
acter of  the  spectral  features  was  different  from  anything  previously  seen  on 
our  plates.  The  bright  hydrogen  lines  had  broad  dark  companions  on  their 
violet  sides,  as  in  P  Cygni,  and  numerous  bright  lines,  due  chiefly  to  enhanced 
iron,  were  prominent.  The  nebular  lines  X  4959  and  5007,  though  still  present, 
were  relatively  inconspicuous.  It  is  a  curious  fact  that  the  course  of  these 
changes  corresponds  in  a  general  way  to  the  reverse  of  the  order  of  develop- 
ment of  a  nova  spectrum  during  its  early  history. 

Be-  and  O-Type  Stars 

About  15  new  stars  of  this  type  have  been  discovered  during  the  year  by 
Merrill,  Humason  and  Miss  Burwell  from  objective-prism  observations  with 
the  10-inch  refractor.  Numerous  slit-spectrograms  of  these  stars  and  of 
other  Be  stars  of  special  interest  have  been  obtained  with  the  large  reflectors. 

Observations  have  also  been  made  of  the  detached  lines  of  sodium  and 
calcium  in  early-type  stars.  The  sodium  lines  are  remarkably  strong  in  the 
Wolf-Rayet  star  H.D.  193793,  of  type  Oa. 

Stars  with  Bright  Iron  Lines 

These  have  been  the  subject  of  special  study  by  Merrill,  who  finds  them  to 
fall  into  the  following  groups : 

1.  Long-period  variables. 

2.  Peculiar  stars  of  classes  G,  K  and  M. 

3.  Class  Be:  (a)  Normal,  (b)  Peculiar. 

4.  Novse. 

The  iron  lines  of  most  frequent  occurrence  are  those  of  the  ionized  atom. 
Lists  of  stars  in  groups  2,  3a  and  3b  have  been  compiled  for  which  many  new 
data  have  been  supplied  from  the  Mount  Wilson  observations.  The  absolute 
magnitudes  of  the  "normal"  Be  stars  are  probably  fully  as  bright  as  those  of 
ordinary  B-type  stars,  but  the  peculiar  Be  stars  may  average  considerably 
fainter. 

Spectral  Classification  in  the  Selected  Areas 

Of  the  115  Selected  Areas  in  which  M.  L.  Humason  has  been  classifying  the 
spectra  of  the  faint  stars,  77  have  been  completed.  Thirteen  of  this  number 
have  been  observed  during  the  past  year.  As  a  check  on  the  accuracy  of  the 
results,  50  bright  stars  of  known  spectra  have  been  photographed  with  the 
same  instrument  and  classified  in  the  same  manner  as  in  the  case  of  the 
Selected  Areas,  the  resulting  types  being  then  compared  with  those  from 
available  slit-spectrograms. 

High-Dispersion  Stellar  Spectra 

The  photographs  of  stellar  spectra  made  with  the  15-foot  coude"  spectro- 
graph, mainly  by  Adams,  are  being  used  chiefly  for  the  identification  of  lines, 
the  derivation  of  their  intensities  and  the  measurement  of  the  displacements  of 
lines  of  different  elements  and  different  intensities.  A  study  of  the  spectrum 
of  7  Cygni  has  led  to  the  identification  of  lines  of  most  of  the  rare  earths, 
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including  several  not  known  previously.  All  of  the  lines  seem  to  belong  to 
the  ionized  element,  the  ionization  potentials  of  the  rare  earths  being  com- 
paratively low. 

Measurements  of  the  displacements  of  the  lines  in  the  spectrum  of  7  Cygni 
afford  good  confirmation  of  the  results  obtained  several  years  ago  from  a  study 
of  the  spectra  of  a  few  of  the  brighter  stars.  The  enhanced  lines  of  iron, 
chromium,  and  titanium  are  shifted  toward  the  red  with  reference  to  the  arc 
lines  by  about  0.01  angstrom,  or  0.65  km/sec  if  expressed  in  terms  of  velocity. 
Of  special  interest  are  the  values  for  the  lines  of  ionized  cerium,  an  element 
with  nearly  the  highest  atomic  weight  of  any  known  to  be  present  in  solar  or 
stellar  spectra.  The  mean  radial  velocity  given  by  10  lines  of  Ce+  when 
compared  with  that  from  30  arc  lines,  mainly  of  iron,  shows  a  residual  of  — 1.45 
km./sec.  Cerium  doubtless  lies  at  a  low  level  in  the  stellar  atmosphere,  and 
these  results  are  in  harmony  with  the  view  that  ascending  currents  are  present 
at  low  levels  and  descending  currents  at  high  levels  in  the  gases  constituting 
the  atmospheres  of  stars. 

The  spectra  of  several  stars,  including  a  Canis  Minoris,  7  Cygni,  a  Bootis, 
a  Tauri  and  a  Orionis,  have  been  compared  with  the  solar  spectrum  through- 
out the  region  X4200  — X6600,  and  estimates  of  the  intensities  of  all  the  lines 
have  been  made  on  the  scale  of  Rowland's  table.  This  provides  a  great 
amount  of  valuable  material  for  studies  of  the  behavior  of  different  elements 
and  different  lines  of  the  same  element  under  a  variety  of  stellar  conditions. 
An  investigation  of  the  lines  in  multiplets  arising  from  different  atomic 
energy-levels  in  the  spectra  of  several  of  these  stars  is  in  progress. 

Determinations  op  Luminosity  and  Parallax 

The  investigation  of  the  individual  absolute  magnitudes  and  parallaxes  of 
412  M-type  stars  by  the  spectroscopic  method,  to  which  full  reference  was 
made  in  last  year's  annual  report,  has  been  completed  and  published  by 
Adams,  Joy  and  Humason.  Formulae  for  computing  not  only  the  most 
probable  absolute  magnitude  of  a  group  of  stars  from  the  peculiar  proper 
motions  and  the  radial  velocities,  but  also  the  dispersion  in  the  absolute 
magnitudes,  and  thus  their  probable  errors,  have  been  derived  by  Stromberg. 
These  amount  in  the  case  of  the  M-type  stars  to  0.6  mag.  for  the  relatively 
few  super-giants,  and  0.45  mag.  for  the  ordinary  giants.  Little  difference  is 
found  in  the  mean  absolute  magnitudes  of  the  different  sub-classes  of  the 
ordinary  giants.  The  formulae  may  be  used  for  finding  the  dispersion  in 
absolute  magnitude  for  any  group  of  stars  for  which  the  assumption  can  be 
made  that  the  absolute  magnitudes  are  distributed  according  to  a  normal 
error  function. 

A  special  study  of  the  absolute  magnitudes  of  stars  of  type  K5  is  in  progress, 
and  many  of  the  stars  with  this  classification  in  the  Revised  Henry  Draper 
Catalogue  have  been  observed  during  the  year.  In  addition  to  this  investiga- 
tion, the  classification  and  derivation  of  absolute  magnitudes  for  the  stars  of 
earlier  type  has  been  continued  regularly. 

Motions  op  the  Giant  M-Type  Stars 

The  spectroscopic  absolute  magnitudes  have  been  used  by  Stromberg  to 
compute  the  space-velocities  of  278  giant  M  stars.  The  velocities  have  been 
projected  on  three  fundamental  axes,  and  the  velocity-distribution  has  been 
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corrected  for  the  effect  of  errors  in  the  absolute  magnitudes,  proper  motions 
and  radial  velocities.  The  distribution  of  velocities  projected  on  the  axis  of 
preferential  motion  can  be  well  represented  by  an  error  curve  without  skew- 
ness  or  excess.  No  trace  of  Kapteyn's  two  streams  can  be  found,  although 
the  preferential  motion  is  rather  pronounced.  The  true  axis  of  preferential 
motion  for  these  stars  is  perpendicular  to  the  axis  of  asymmetry  and  the  dis- 
tribution of  velocities  projected  on  the  latter  axis  is  notably  unsymmetrical 
and  can  be  represented  by  a  distribution  function  of  the  same  form  as  that 
found  for  cosmical  objects  in  general.  The  values  of  the  "asymmetry- 
vector"  and  the  "limiting  center"  are  found  to  be  identical  with  those  derived 
from  a  wide  variety  of  stars,  star-clusters  and  nebulae. 

Period,  Luminosity  and  Spectral  Type  among  Cepheid  Variables 

A  study  of  the  relationship  between  period  and  spectral  type  for  the  Cepheid 
variables  has  been  made  by  Adams  and  Joy,  based  upon  the  spectrograms  of 
64  stars  obtained  at  Mount  Wilson.  The  observations  were  made  so  far  as 
possible  at  maximum  and  minimum  of  each  star's  light  and  at  a  few  inter- 
mediate phases.  The  spectra  have  been  classified  on  a  uniform  basis  by  the 
aid  of  standard  spectrograms,  and  slight  corrections  have  been  applied  for  the 
variation  of  spectral  type  with  phase. 

The  results  show  a  nearly  linear  relationship  between  the  logarithm  of  the 
period  and  the  spectral  type,  the  spectrum  being  of  more  advanced  type,  the 
longer  the  period.  The  only  serious  discordances  are  shown  by  a  few  stars 
of  long  period,  some  of  which  have  peculiar  spectra.  In  all  such  cases  the 
spectral  type  is  earlier  than  the  length  of  period  would  indicate.  The  cluster- 
type  variables  show  a  large  variation  of  spectral  type  with  little  change  in 
period,  while  the  long-period  M-type  variables  show  a  fairly  definite  relation- 
ship between  the  two.  To  connect  either  of  these  classes  of  variables  with 
the  Cepheids,  however,  would  require  a  curve  departing  considerably  from  a 
straight  line. 

Dr.  Russell  has  made  use  of  these  results  in  an  investigation  of  the  relation 
between  period,  luminosity  and  spectrum  of  the  Cepheid  variables.  He 
finds  that  the  change  in  mean  spectral  type  with  period  observed  by  Adams 
and  Joy  is  in  very  close  agreement  with  that  which  should  occur  in  a  group 
of  stars,  all  undergoing  similar  dynamical  oscillations  of  whatever  sort,  for 
which  the  period  and  luminosity  are  related  in  accordance  with  Shapley's 
curve.  The  close  agreement  of  the  observed  spectra  with  this  curve  makes 
it  probable  that  the  absolute  magnitudes  follow  the  period-luminosity  curve 
with  a  dispersion  of  the  order  of  0.25  magnitude. 

Measurements  of  Stellar  Radiation 

About  250  sets  of  measurements  of  stellar  and  planetary  radiation  have 
been  made  during  the  year  by  Pettit  and  Nicholson.  Most  of  these  have  been 
on  the  radiation  from  long-period  variables  and  dwarf  stars. 

Radiation  curves  have  been  obtained  from  10  long-period  variables  which 
have  been  observed  over  more  than  four  periods.  The  average  range  in  radio- 
metric magnitude  is  0.9  mag.,  with  a  corresponding  range  in  visual  magnitude 
of  6  mags.  The  mean  absolute  bolometric  magnitude  of  stars  of  this  class  at 
maximum,  as  deduced  from  the  radiometric  measures  and  the  mean  absolute 
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visual  magnitude  assigned  by  Merrill  and  Stromberg,  is  —4.  This  is  equal 
to  the  maximum  absolute  bolometric  magnitude  of  Cepheid  variables  with 
periods  of  about  12  days. 

A  total  of  154  stars  has  been  observed  during  the  period  between  1922  and 
1927,  some  of  them  more  than  100  times,  and  in  most  cases  the  water-cell 
absorption  has  been  determined.  These  measures  have  been  reduced  to  a 
homogeneous  system  of  radiometric  magnitudes,  as  observed  at  the  zenith  at 
Mount  Wilson  with  a  thermocouple  having  a  window  of  rock-salt  and  a 
telescope  with  two  reflections  from  fresh  silver.  The  following  table  of  heat- 
index  and  spectral  class  is  derived  from  these  data. 


Spectral  Type 

Heat 

Spectral  Type 

Heat 

(Giants) 

Index 

(Giants) 

Index 

A0 

'    0.0 

M4 

2.9 

FO 

0.1 

M6 

4.2 

GO 

0.5 

M8 

5.0 

KO 

1.0 

8  Me  Var.  Min.  (M10) 

8.5 

K5 

1.6 

X  Cygni  Min. 

11.9 

MO 

1.8 

N 

3.2 

M2 

2.2 

VX  Andromeda? 

4 .2  to  5  .3 

Several  faint  red  stars  whose  spectra  seem  to  indicate  low  temperatures 
have  been  measured  with  the  thermocouple,  but  only  in  the  case  of  one  near 
the  Trifid  nebula,  discovered  by  Humason  and  Merrill,  does  the  heat  index 
appear  to  be  exceptional.  The  value  in  its  case  is  7.0  mags.,  and  it  is  the 
only  star  not  known  to  be  a  long-period  variable  for  which  the  measurements 
have  shown  so  large  a  heat  index. 

The  use  of  wire  prepared  by  Mr.  Taylor  of  the  United  States  Department 
of  Agriculture  has  resulted  in  a  gain  of  about  half  a  magnitude  in  the  sensi- 
tiveness of  the  stellar  thermocouples.  A  form  of  air-cell  thermocouple  has 
been  devised  by  Pettit  which  has  been  applied  to  a  photometer  for  the 
measurement  of  photographic  stellar  images  and  to  the  ultra-violet  solar 
radiometer  in  use  at  Tucson,  Arizona,  which  is  as  steady  electrically  as  the 
vacuum  thermocouple.  More  than  100  thermocouples  and  thermopiles  have 
been  made  at  the  Observatory  since  measurements  of  radiation  were  begun  in 
1921. 

MEASUREMENTS  WITH  THE  STELLAR  INTERFEROMETER 

The  approaching  completion  of  the  50-foot  interferometer  has  made  it 
seem  inadvisable  to  devote  any  large  amount  of  time  to  observations  with  the 
20-foot  interferometer  and  100-inch  telescope,  and  the  objects  studied  have 
been  limited  to  such  as  give  complete  disappearance  of  the  fringes  within  the 
range  of  the  20-foot  aperture.  Measurements  have  been  continued  by  Pease 
on  the  diameter  of  Betelgeuse  and  show  an  increase  in  diameter  from  those  of 
the  previous  year.  The  fringes  have  disappeared  at  separations  of  the  mirrors 
of  between  11  and  12  feet,  while  in  the  autumn  of  1925  values  as  high  as  14 
feet  were  found. 

Measures  have  also  been  made  by  Pease  of  the  separation  and  position 
angles  of  the  components  of  the  spectroscopic  binary  Mizar.     Dr.  Russell  has 
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compared  these  measurements  with  the  values  computed  from  the  spectro- 
scopic orbit  of  Hadley,  modified  by  some  recent  observations  of  Sanford,  which 
indicate  a  slight  increase  in  the  length  of  period.  This  comparison  gives  for 
the  observed  minus  computed  differences:  In  distance,  —  0''001:  In  position 
angle,  —5°. 

LABORATORY  INVESTIGATIONS 
ELECTRIC  FURNACE  SPECTRA 

The  spectra  of  rare  earths  of  the  cerium  group  have  been  studied  by  King 
in  the  ascending  series  of  excitation  sources  provided  by  the  furnace,  arc  and 
spark.  The  spectrograms  of  cerium  extend  from  X2500  to  X8500.  In  the 
cases  of  praseodymium,  neodymium  and  samarium,  selected  regions  of  the 
spectrum  have  been  examined  with  special  reference  to  the  separation  of  the 
ionized  and  the  neutral  lines  and  their  presence  in  the  solar  spectrum. 

The  ionization  potentials  of  these  elements,  while  not  known  with  precision, 
certainly  are  low.  Evidence  to  this  effect  is  afforded  by  the  usual  tests  with 
the  furnace,  which  show  that  the  lines  prominent  in  the  arc,  at  least  between 
the  ultra-violet  and  the  green  portions  of  the  spectrum,  belong  to  the  ionized 
atom;  while  the  lines  of  the  neutral  atom,  for  the  most  part  unrecognized  in 
the  arc,  are  emitted  strongly  by  the  furnace.  About  1,600  neutral  lines  of 
cerium  have  been  measured  between  X3000  and  X4700,  few  of  which  had  been 
measured  previously.  Corresponding  additions  to  the  wave-lengths  of  the 
lines  of  the  other  elements  may  be  expected  from  the  material  on  hand,  as 
well  as  the  definite  assignment  of  the  individual  lines  to  the  neutral  or  the 
ionized  atom. 

The  spectrum  of  praseodymium  shows  two  interesting  characteristics,  an 
ease  of  ionization  which  results  in  the  appearance  of  the  enhanced  lines  in 
the  furnace  with  quite  exceptional  intensity,  and  a  complex  structure  in  the 
individual  lines  which  is  more  pronounced  than  for  any  other  element  so  far 
examined.  A  somewhat  similar  condition  recognized  by  King  in  the  lan- 
thanum spectrum  has  led  Meggers  and  Burns  to  introduce  "hyperfine  sub- 
levels"  into  their  system  of  analysis  of  the  lanthanum  lines. 

The  use  of  powerful  spark  discharges  has  enabled  King  to  photograph  a 
number  of  new  lines  of  cerium  which  belong  to  the  doubly-ionized  spectrum. 
In  the  region  X2497  — X3545  a  total  of  67  lines  have  been  measured  by  King 
and  H.  E.  White,  the  latter  of  whom  is  investigating  their  series  classification. 

An  investigation  by  King  with  the  aid  of  Miss  Moore  has  shown  the 
presence  in  the  solar  spectrum  of  a  large  proportion  of  the  ionized  lines  of 
cerium,  neodymium  and  samarium.  In  the  case  of  praseodymium  there  is 
some  question,  owing  probably  to  the  difficuty  in  obtaining  good  wave-lengths 
of  the  complex  lines.  The  evidence  at  present  indicates  that  the  neutral  lines 
of  these  elements  do  not  occur  in  the  solar  spectrum,  the  gases  apparently 
being  fully  ionized. 

The  furnace  spectrum  of  columbium  has  been  studied  between  X3000  and 
X6600.  The  refractory  character  of  the  material  permits  only  120  furnace 
lines  to  appear  within  this  range.  A  comparison  with  arc  and  spark  spectra 
indicates  that  these  are  lines  of  the  neutral  atom  of  low  energy  level. 

HIGH-CURRENT  ARC  SPECTRA 

King,  with  the  aid  of  Miss  Moore,  has  utilized  spectra  of  iron,  chromium, 
manganese,  nickel  and  cobalt,  previously  obtained  with  the  1000-ampere  arc 
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in  air,  to  examine  the  widening  phenomena  of  the  lines  included  in  the  table 
of  solar-spectrum  wave-lengths.  He  has  also  photographed  with  high  dis- 
persion the  rich  ultra-violet  region  of  the  iron  spectrum,  using  the  high-current 
arc  in  vacuum.  The  spectra,  consisting  almost  entirely  of  enhanced  lines, 
show  clearly  the  ionized  lines  which  require  especially  high  excitation  for  their 
production,  as  well  as  features  of  reversal  and  unsymmetrical  widening  which 
indicate  the  grouping  of  the  lines  in  multiplets.  In  the  case  of  silicon,  double 
as  well  as  single  ionization  occurs  in  the  high-current  arc  vacuum,  and  the 
existing  data  from  the  spark  spectrum  have  been  supplemented  by  wave- 
length determinations  of  four  groups  of  prominent  lines  which  appear  in  this 
vacuum  source. 

VACUUM-SPARK  SPECTRA 

Anderson  has  studied  the  vacuum-spark  spectra  of  titanium,  silicon  > 
aluminum,  lead  and  chromium,  using  for  this  purpose  the  new  10-microfarad 
condenser.  The  results  indicate  clearly  that  this  large  condenser  is  not  so 
useful  for  this  purpose  as  one  of  smaller  capacity.  A  comparison  of  the  spec- 
trum of  lead  obtained  this  year  with  one  made  three  years  ago  with  the  aid  of  a 
condenser  having  a  capacity  of  0.5  microfarad  shows  that  the  known  lines  of 
Pb  i  and  Pb  n  are  stronger  with  the  large  condenser,  while  the  new  lines, 
presumably  belonging  to  the  more  highly  ionized  atom,  appear  with  much 
smaller  intensity.  This  is  undoubtedly  due  to  the  lower  frequency  of  the 
large  condenser.  As  the  frequency  is  lowered  the  discharge  approximates 
more  and  more  to  that  of  such  a  source  as  the  high-current  arc.  For  the 
strong  development  of  highly  ionized  lines,  high  frequency  seems  therefore 
to  be  a  necessary  condition. 

A  preliminary  study  has  been  made  of  the  behavior  of  the  condenser  as  a 
source  of  high-voltage  direct  current  for  such  a  purpose  as  the  investigation 
of  the  Stark  effect.  It  is  found  that  a  moderate  resistance  in  series  with  a 
large  inductance  in  the  discharge  circuit  helps  to  steady  the  discharge,  and  it 
is  believed  that  a  workable  steady  source  of  high  potential  may  be  secured  by 
this  means.  Anderson  is  therefore  planning  a  continuation  of  the  study  of 
the  Stark  effect  for  metals  which  was  initiated  here  in  1917. 

PRESSURE  EFFECT  FOR  IRON 

Observations  of  the  pressure  displacement  for  iron-arc  lines,  which  were 
begun  by  Babcock  several  years  ago  with  the  interferometer,  have  been 
resumed,  and,  on  account  of  the  refinement  and  extent  of  the  data,  have  led 
to  some  particularly  interesting  results.  By  expressing  the  observed  dis- 
placements on  the  scale  of  frequencies  and  making  use  of  the  recent  list  of 
term-values  obtained  by  Dr.  Russell  and  Miss  Moore,  Babcock  has  found  it 
possible  to  describe  the  pressure  effect  for  iron  as  a  differential  depression  of 
the  term-values  whose  differences  correspond  to  the  wave-numbers  of  the 
individual  lines.  It  is  shown  that  for  terms  of  triple  multiplicity  the  depres- 
sion of  the  term  increases  slowly  with  the  level  of  the  term,  while  for  terms  of 
higher  multiplicity  the  increase  is  more  rapid,  following  a  remarkably  smooth 
curve.  The  result  is.  a  general  quantitative  relationship  which  provides  for 
the  characteristics  of  groups  a,  b,  c,  d  and  e,  and  permits  the  calculation  of 
pressure  effect  for  many  lines  for  which  it  has  not  yet  been  measured.  For 
the  first  time  a  definite  connection  is  established  between  recognized  features 
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in  the  structure  of  atoms  and  their  behavior  under  change  of  pressure,  a 
preliminary  necessary  to  the  formulation  of  an  adequate  theory  of  the 
pressure  effect. 

BAND  SPECTRUM  OF  OXYGEN 

In  collaboration  with  Dr.  G.  H.  Dieke  of  the  Norman  Bridge  Laboratory, 
Babcock  has  carried  out  a  new  study  of  the  band  spectrum  of  cold  oxygen. 
Dr.  Dieke's  experience  in  this  field  has  particularly  qualified  him  for  attempt- 
ing a  more  complete  analysis  than  has  hitherto  been  possible,  and  Babcock's 
work  on  the  solar  spectrum  has  involved  precise  measurements  of  the  wave- 
lengths of  many  of  these  lines.  They  have  extended  the  measurements  as 
fully  as  possible  to  four  of  the  bands  and  have  used  revised  data  from  Row- 
land's Tables  for  a  fifth  one.  The  band  structure  is  well  accounted  for  and 
the  constants  are  determined  with  accuracy.  The  moment  of  inertia  of  the 
oxygen  molecule  in  the  normal  state  is  19.27  X1CT40  gm.  cm2.  The  results 
are  being  published  as  a  joint  investigation. 

THE  BALMER  LINES  OF  HYDROGEN 

A  study  has  been  made  by  Smith  of  the  effect  of  various  methods  of  excita- 
tion upon  the  relative  intensities  of  the  Balmer  series  of  hydrogen  lines. 
Experiments  with  a  number  of  tubes  and  three  different  transformers  show 
that  when  a  Wood  tube  is  excited  by  a  transformer  the  relative  intensities  of 
these  lines  at  a  given  pressure  is  independent  of  the  current  through  the  tube. 
For  any  one  tube  the  intensity  of  the  series  as  a  whole  is  directly  proportional 
to  the  current  passing  through  it.  This  indicates  that  almost  complete  dis- 
sociation must  take  place  at  rather  low  excitations.  When  the  tubes  are 
excited  by  a  condenser  discharge,  the  lines  become  too  broad  and  diffuse  for 
comparison  with  other  sources. 

THE  REGISTERING   MICROPHOTOMETER 

A  test  of  the  accuracy  with  which  the  microphotometer  registers  transmis- 
sions has  been  made  by  Pettit,  who  enlarged  some  spectrograms  of  iron  300- 
fold  and  counted  the  silver  grains.  The  mean  dimension  of  the  grains  was 
determined  by  several  measurements.  The  transmission  curve  derived  in 
this  way  was  found  to  be  nearly  identical  with  that  given  by  the  micro- 
photometer. 

Apart  from  investigations  carried  on  by  members  of  the  staff,  the  two  micro- 
photometers  have  been  used  by  visiting  scientists,  especially  from  the  Cali- 
fornia Institute  of  Technology.  Dr.  Kent  of  Boston  University  and  Dr. 
Houston  of  the  California  Institute  have  studied  the  fine  structure  of  the 
hydrogen  lines;  and  Dieke,  Durand,  Mitchell,  Sonders,  Struve,  Thomassen 
and  others  have  used  them  for  physical  and  astrophysical  studies.  About  400 
curves  have  been  made  with  these  instruments  during  the  year. 

FILTER  TRANSMISSION 

Pettit  has  measured  the  spectral  transmissions  of  43  filters  of  various  kinds 

between  the  limits  of  X0.23//  and  2.3/*.     Solarized  green  celluloid  shows  the 

remarkable  property  of  a  sharp   cut-off   at   0.7/x.     It   completely   absorbs 

radiation  to  the  violet  as  far  as  0.23^,  but  transmits  to  the  red  of  0.7/x  as  far 

s  2.3/x  with  an  efficiency  of  90  per  cent.     The  photochemical  effect  of  sun- 

ght  on  green  celluloid,  glass,  silver  and  gold  films  has  also  been  studied. 
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Benzol  shows  a  remarkably  sharp  absorption  band  at  1.135/z,  which  serves 
as  a  standard  of  wave-length  in  the  infra  red.  A  list  has  been  compiled  of 
the  wave-lengths  of  absorption  bands  and  of  the  sharp  edges  of  such  bands  as 
may  be  readily  identified  with  radiometric  equipment.  These  may  be  used 
to  obtain  dispersion  curves  in  the  infra  red  between  0.74/x  and  2.1^  for  those 
curves  in  which  an  accuracy  higher  than  0.01^  is  not  required.  The  substances 
used  for  this  list  were  water,  didymium,  neodymium  and  benzol. 

A  filter  consisting  of  a  green  celluloid  film  0.25  mm.  thick  and  Corning  glass 
124  J  4  mm.  thick  gives  radiometric  transmissions  corresponding  closely  to 
visual-light  values.  The  efficiency  of  this  screen,  however,  is  only  about  25 
to  30  per  cent. 

A  NEW  VERTICAL  SEISMOMETER 

A  study  by  Smith  of  the  properties  of  bow-like  springs  has  shown  that  this 
type  of  spring  may  be  used  to  good  advantage  in  the  development  of  a  long- 
period  vertical  seismometer.  An  experimental  model  was  designed  by  him 
and  put  into  operation  at  the  Seismological  Laboratory  of  the  California 
Institute  of  Technology.  With  the  period  of  the  instrument  set  at  5  seconds, 
excellent  seismograms  were  secured;  but  with  periods  of  the  order  of  10 
seconds,  it  became  evident  that  some  form  of  temperature  compensation 
would  be  required.  This  can  probably  be  accomplished  through  a  device  due 
to  Anderson,  which  should  at  the  same  time  compensate  for  temperature 
changes  and  eliminate  effects  due  to  fatigue.  Upon  the  completion  of  the 
tests  of  the  present  model,  a  new  instrument  will  be  built,  which  there  is  reason 
to  hope  will  prove  as  satisfactory  for  the  study  of  the  vertical  component  of 
earthquakes  as  the  torsion  seismometer  has  been  for  the  horizontal  com- 
ponents. 

MISCELLANEOUS  LABORATORY  INVESTIGATIONS 

A  new  method  of  testing  optical  surfaces  was  described  recently  by  V. 
Ronchi,  which  consists  in  viewing  the  surface  through  a  line  screen  having 
about  100  lines  to  the  centimeter.  Anderson  has  made  some  tests  of  this 
method,  comparing  it  directly  with  the  Foucault  knife-edge  test,  and  it  seems 
to  possess  some  advantages  both  in  ease  of  application  and  in  sensitiveness. 
A  further  quantitative  study  of  the  method  will  be  made  in  the  hope  that  it 
may  be  of  practical  value  in  the  optical  shop. 

Some  tests  have  been  made  by  Smith  of  a  100-microfarad  condenser  made 
up  of  1-microfarad  radio  condensers.  When  charged  to  1,400  volts,  these 
produced  low-temperature  explosions  showing  a  pure  line  spectrum  some- 
what intermediate  in  type  between  that  from  ordinary  sources  and  from  the 
usual  wire  explosions.  This  type  of  explosion  may  prove  of  interest  from  a 
spectroscopic  standpoint,  and  may  also  be  useful  in  the  study  of  the  mechan- 
ism of  explosions. 

A  test  of  the  reflecting  power  of  13  metals  and  alloys  between  X0.23ju  and 
2.3/x  has  been  made  by  Pettit.  Of  these  perhaps  the  most  interesting  is  a 
mirror  of  electrolytically  deposited  rhodium.  This  showed  a  reflecting  power 
of  40  per  cent  at  0.23ju,  50  per  cent  at  0.36^,  60  per  cent  at  0.65^,  and  nearly 
70  per  cent  at  2/x. 

ANALYSIS  OF  THE  SPECTRUM  OF  TITANIUM 

Dr.  Russell  has  completed  his  study  of  the  spectrum  of  titanium,  based  on 
data  furnished  by  King,  Anderson  and  Miss  Carter,  which  has  been  in 
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progress  for  the  last  four  years.  A  great  majority  of  the  lines  have  been 
identified,  including  all  the  stronger  ones,  and  many  new  ones  have  been 
discovered. 

Four  spectra,  corresponding  to  successive  stages  of  ionization,  have  been 
identified.  The  analysis  of  the  doubly-  and  trebly-ionized  atom,  Ti  in  and 
Ti  iv,  demands  observations  in  the  extreme  ultra  violet,  which  have  been 
made  available  through  the  kindness  of  Professor  R.  J.  Lang  of  the  University 
of  Alberta. 

The  spectrum  of  Ti  iv  is  the  simplest,  and  involves  only  doublet  terms, 
arranged  in  series  which  follow  formulae  of  the  usual  Ritzian  type.  It 
resembles  those  of  potassium  (K  i)  and  ionized  calcium  (Ca  n),  except  that 
the  term  of  lowest  energy  is  a  2D,  instead  of  2S,  as  in  other  cases. 

The  Ti  in  spectrum,  containing  triplet  and  singlet  terms,  is  similar  in 
general  structure  to  those  of  calcium  (Ca  i)  and  ionized  scandium  (Sc  n). 
The  lowest  term  is  of  type  3F. 

The  ordinary  spark  spectrum  (Ti  n)  is  much  more  complicated.  It 
resembles  that  of  neutral  scandium  (Sc  i),  but  is  considerably  richer  in  lines. 
Many  doublet  and  quartet  lines  have  been  identified.  The  normal  state  cor- 
responds to  a  4F  term. 

The  arc  spectrum,  Ti  i,  is  still  more  intricate,  involving  very  numerous 
terms  of  singlet,  triplet  and  quintet  systems,  of  which  the  lowest  is  of  type  3F. 

Series  have  been  detected  in  all  four  spectra,  and  the  successive  ionization 
potentials  have  been  determined. 


Ti  i 
Quintets 
Triplets 

Singlets 

Ti  ii 
Quartets 
Doublets 

Ti  in 
Triplets 
Singlets 

Ti  iv 
Doublets 

Types  of  terms 

Number  of  terms 

5  to  H 

s'  to  r 

142 

364 

422 

1395 

17 

6  .81  volts 

S  to  H 

S'  to  H' 

49 
123 
164 
529 

4 

13.58 

S  to  G 
P'  to  D' 

19 
40 
28 
90 
2 

27.6 

S  to  H 

12 

18 

15 

31 

4 

43  .08 

Number  of  energy  levels . . . 

Number  of  multiplets 

Number  of  lines  classified .  . 
Number  of  series  found .  .  . 

Ionization  potential 

The  analysis,  which  is  summarized  in  the  accompanying  table,  is  believed 
to  be  the  most  complete  thus  far  made  for  any  complex  spectrum  and  should 
be  of  use  in  many  astrophysical  problems  and  to  students  of  atomic  theory. 

The 'various  electronic  configurations  corresponding  to  the  observed  spec- 
troscopic terms  have  been  identified  with  the  aid  of  Hund's  theory.  The 
predictions  of  this  theory  agree  with  the  observed  facts  for  all  four  degrees 
of  ionization  almost  perfectly.  The  Zeeman  patterns  in  Ti  i  and  Ti  n,  and 
the  doublet  separations  in  Ti  iv,  are  in  excellent  agreement  with  the  theories 
of  Lande\  The  success  of  these  theories  in  accounting  for  the  characteristics 
of  these  very  complex  spectra  affords  conclusive  evidence  that  the  inter- 
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pretation  of  spectra  in  terms  of  atomic  structure  is,  in  the  main,  now  satis- 
factorily accomplished. 

SERIES  AND  IONIZATION  POTENTIALS  FOR  ELEMENTS  OF  THE  IRON  GROUP 

The  theories  of  Hund  and  Lande*  have  been  applied  to  the  identification 
of  lines  in  various  spectra  which  correspond  to  the  same  type  of  transition 
within  the  atoms.  A  detailed  comparison  of  this  kind  has  been  made  for  all 
the  elements  of  the  iron  group,  from  potassium  to  zinc.  The  line-groups  or 
multiplets  corresponding  to  the  same  electronic  change  in  different  elements 
are  of  different  spectroscopic  names  and  multiplicities,  but  are  strikingly 
similar  in  physical  characteristics.  For  example,  two  sequences,  one  begin- 
ning with  the  red  pair  of  potassium,  the  other  with  X4227  of  calcium,  contain 
almost  all  the  rates  ultimes  of  the  various  metals.  Another  sequence  of  inter- 
system  combinations,  beginning  with  X6573  of  Ca,  includes  a  great  number  of 
lines  which  are  conspicuously  strengthened  in  sun-spots. 

In  sequences  which  include  the  strong  low-tempera' ;ure  lines,  the  wave- 
lengths shift  steadily  toward  the  violet  as  the  atomic  number  increases.  This 
is  an  immediate  consequence  of  a  steady  increase  in  the  ionization  potential 
with  atomic  number.  In  other  sequences  of  high-temperature  lines,  the 
homologous  groups  remain  in  the  same  region  of  the  spectrum. 

During  this  work  series  were  found  for  the  first  time  in  the  arc  spectrum 
of  vanadium  and  in  the  spark  spectrum  of  manganese,  and  new  series  were 
detected  in  Mn  i  and  Co  i. 


Ionization  Potentials 

Element 

Neutral  Atom 

Ionized  Atom 

A 

B 

C 

D 

Principal 

C 

D 

E 

Principal 

K 

4.30 

4.S2 

Ca 

6.21 

5.39 

5.22 

6.09 

11.73 

10.13 

11  .82 

Sc 

6.57 

6.88 

5.74 

5.33 

6.57 

12.80 

12.49 

12.19 

12.80 

Ti 

6.79 

7.39 

6.10 

5.48 

6.80 

13.60 

12.99 

13.45 

13.60 

V 

7.04 

7.84 

6.46 

5.68 

6.76 

14.4 

13.6 

14.7 

14.7 

Cr 

7.28 

8.21 

6.70 

5.76 

6.74 

15.1 

14.1 

16.6 

16.6 

Mn 

7.38 

8.55 

7.06 

6.28 

7 .40 

15.70 

14.52 

13.80 

15.70 

Fc 

7.83 

8.81 

7.20 

6.58 

7.83 

16.5 

15.4 

16.3 

16.5 

Co 

8.25 

7.38 

6.90 

7.81 

16.8 

16.0 

17.2 

17.2 

Ni 

8.65 

7.62 

7.22 

7.64 

17.18 

16.53 

18.2 

18.2 

Cu 

8.95 

9.48 

7.63 

7.69 

17.62 

17.09 

20.3 

20.3 

Zn 

9.40 

9.39 

17.93 

17.89 

Series  are  now  known  in  the  arc  spectra  of  all  metals  here  considered,  and 
their  ionization  potentials  can  be  determined.  The  same  is  true  of  the 
spark  spectra,  except  for  V,  Cr,  Fe  and  Co;  and  for  these,  fairly  good  values 
can  be  found  from  the  arc  spectra  of  the  preceding  elements  by  the  application 
of  Moseley's  Law. 

The  table  gives  the  resulting  values  of  the  "principal"  ionization  potentials, 
which  measure  the  energy  difference  between  the  states  of  lowest  energy  in 
the  given  atom  and  in  the  atom  in  the  next  higher  degree  of  ionization. 
Values  in  italic  type  are  derived  from  series  of  three  or  more  members  and 
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should  be  reliable  to  the  last  figure  tabulated.  Other  values  given  to  two 
decimal  places  are  derived  from  series  of  only  two  members  by  correcting  the 
results  of  a  simple  Rydberg  formula  empirically,  and  should  be  good  within 
1  or  2  per  cent.  Those  given  to  one  place  have  been  derived  by  Moseley's 
law  and  may  perhaps  be  half  a  volt  in  error. 

The  irregularities  in  the  run  of  these  values  arise  from  the  fact  that  the 
terms  of  lowest  energy  do  not  always  correspond  to  homologous  electron 
configurations.  The  energies  of  ionization  for  homologous  configurations 
run  very  smoothly. 

VELOCITY  OF  LIGHT 

The  two  preliminary  values  for  the  velocity  of  light  measured  by  Dr. 
Michelson  on  the  base  line  between  Mount  Wilson  and  San  Antonio  and  given 
in  last  year's  report  have  been  changed  to  the  following: 

I  299,735  kilometers  per  second 
II  299,690  kilometers  per  second 

A  third  series  gave  299,704.  Assigning  weights  of  1,  2  and  4,  respectively, 
Dr.  Michelson  finds  a  mean  value  for  the  velocity  of  light  in  air  of  299,704 
km. /sec.  When  reduced  with  a  correction  of  67  km. /sec.  this  gives  Vi  =  299,771 
km. /sec.  in  vacuo.  The  small  octagonal  mirror  used  in  the  previous  year's 
work  has  also  been  employed  and  yielded  the  result  Yi  =  299,813.  The  com- 
bination of  Vi  and  V2  with  weights  of  1  and  2  gives  299,797  km. /sec.  in  vacuo. 
The  final  results  are  summarized  in  the  following  table : 


Mirror 

Revolutions 
per  second 

Number  of 
observations 

Velocity  of 
light  in  vacuo 

Glass  octagonal 

Steel  octagonal 

Glass  12-sided 

Steel  12-sided 

Glass  16-sided 

528 
528 
352 
352 
264 

576 
195 
270 
218 
504 

299,797  km/sec 

299,795 

299,796 

299,796 

299,796 

A  report  on  the  measurement  of  the  distance  between  the  two  stations  has 
been  published  by  Major  Bowie,  Chief  of  the  Division  of  Geodesy,  U.  S.  Coast 
and  Geodetic  Survey,  in  the  Astrophysical  Journal,  January  1927. 

An  attempt  during  the  winter  to  measure  the  velocity  of  light  between 
Mount  Wilson  and  Mount  San  Jacinto,  a  distance  of  approximately  90  miles, 
was  interfered  with  seriously  by  storms  and  haze.  On  three  occasions  the 
light  returned  by  the  mirror  at  the  distant  station  was  observed,  but  the 
faintness  of  the  image  made  measurements  impossible. 

REPETITION  OF  THE  MICHELSON-MORLEY  EXPERIMENT 

Dr.  Michelson  commenced  during  the  winter  a  repetition  of  this  famous 
experiment  to  determine  a  possible  ether-drift,  using  an  11-foot  steel  inter- 
ferometer built  in  the  instrument  shop.  Although  his  measurements  were  of 
a  wholly  provisional  character,  he  found  no  displacement  of  the  interference 
fringes  greater  than  0.1  of  the  amount  to  be  expected  according  to  the  results 
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announced  by  Dr.  D.  C.  Miller.     A  frame  built  of  invar  steel  has  been  com- 
pleted and  will  be  used  by  Dr.  Michelson  in  continuing  the  investigation. 

CONSTRUCTION  DIVISION 
DRAFTING  AND  DESIGN 

The  design  of  instruments  and  apparatus  has  remained  in  charge  of  Pease, 
Nichols  and  H.  S.  Kinney.  Considerable  attention  has  been  given  by  Pease 
to  plans  for  a  very  large  reflecting  telescope  and  to  considerations  of  the 
optical  and  engineering  problems  involved.  The  feasibility  of  building  a 
telescope  up  to  25  feet  in  diameter  and  operating  it  successfully  seems  to  be 
fully  assured. 

Instruments  which  have  been  designed  and  for  which  detailed  drawings 
have  been  completed  include  a  standardized  form  of  spectrohelioscope,  a  new 
aluminum  prismatic  spectrograph  for  the  60-inch  reflector,  a  plane-grating 
spectrograph  for  the  100-inch  reflector,  and  an  auxiliary  concave-grating 
spectrograph  for  the  physical  laboratory.  Other  apparatus  has  included  the 
mounting  of  the  auxiliary  mirrors  used  in  forming  a  second  image  of  the  sun 
for  observations  at  the  Solar  Laboratory,  additions  to  the  equipment  for 
measuring  the  ultra-violet  light  of  the  sun,  details  of  the  mounting  and  house 
for  the  50-foot  interferometer,  and  the  invar  and  steel  frames  of  the  inter- 
ferometer used  by  Dr.  Michelson  in  measurements  of  ether  drift. 

Numerous  charts  and  drawings  for  the  publications  of  the  Observatory 
have  been  prepared  by  the  members  of  this  department. 

OPTICAL  SHOP 

The  work  in  the  optical  shop,  carried  on  by  Dalton  and  W.  L.  Kinney,  has 
included  the  construction  of  numerous  mirrors,  lenses,  prisms  and  plane- 
parallel  plates  of  quartz  and  glass.  Among  the  larger  mirrors  completed  by 
Kinney  are  the  five  plane  mirrors  15  inches  in  diameter  for  the  50-foot  inter- 
ferometer, and  two  of  somewhat  larger  aperture  for  the  60-foot  tower  tele- 
scope. All  of  these  are  of  pyrex  glass.  Work  has  been  continued  on  the  40- 
inch  concave  mirror  for  the  50-foot  interferometer.  Kinney  has  also  figured 
several  spectrograph  prisms  and  has  made  a  few  small  plane  plates  to  serve 
for  the  mounting  of  grating  replicas. 

In  addition  to  devoting  much  time  to  figuring  speculum  plates  from  4  to 
10  inches  in  diameter  for  diffraction  gratings,  Dalton  has  made  three  crossed 
lenses  and  plane  mirrors  for  use  in  the  spectrohelioscope,  several  6-inch 
mirrors  of  stainless  steel,  and  a  considerable  number  of  small  quartz  lenses 
and  plates  for  use  in  the  laboratory.  He  has  also  completed  one  quartz  and 
one  glass  lens,  each  5.5  inches  in  diameter,  together  with  plane-parallel  plates 
of  quartz  and  glass  of  the  same  size  for  the  apparatus  employed  in  measure- 
ments of  ultra-violet  solar  radiation. 

INSTRUMENT  SHOP 

The  work  of  the  instrument  shop  has  been  continued  throughout  the  year 
under  the  superintendence  of  Alden  F.  Ayers.  Nearly  half  of  the  time  has 
been  devoted  to  construction  work  on  the  50-foot  interferometer,  apparatus 
for  the  Solar  Laboratory,  and  the  rotating  interferometer  for  Dr.  Michelson 's 
experiment  on  the  ether  drift.     Other  instruments  which  have  been  completed 
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include  the  aluminum  stellar  spectrograph  for  the  100-inch  reflector,  the 
telescope  for  obtaining  drift-curves  in  ultra-violet  radiation,  several  labora- 
tory spectrographs,  a  spectrohelioscope  for  Mount  Wilson,  spherometers  for 
the  optical  shop,  and  much  small  apparatus  for  the  physical  laboratory.  A 
new  Cassegrain  stellar  spectrograph  for  the  60-inch  reflector  has  been  partially 
finished.  The  transfer  of  a  portion  of  the  apparatus  in  the  physical  laboratory 
to  the  Government  building,  and  the  extension  of  the  instrument  shop  have 
involved  considerable  work  on  the  part  of  this  department.  Repairs  and 
improvements  of  the  instruments  in  use  in  Pasadena  and  on  Mount  Wilson 
have  been  continued  as  usual  during  the  year. 

THE  RULING  MACHINE 

Although  several  valuable  diffraction  gratings  have  been  ruled  successfully 
the  operation  of  the  ruling  machine  still  falls  a  trifle  short  of  the  degree  of 
accuracy  desired.  During  the  year  Jacomini  has  disconnected  the  spacing 
mechanism  from  the  machine  and  mounted  it  upon  a  separate  base.  This 
should  eliminate  completely  all  vibration  from  this  source.  An  electric 
motor  operated  from  a  storage  battery  has  been  installed  in  place  of  the 
original  water  motor  to  drive  the  spacing  wheel  and  the  diamond  carriage. 
The  tests  are  insufficient  as  yet  to  show  whether  or  not  these  changes  have 
succeeded  in  removing  the  small  accidental  errors  which  seem  to  stand  in  the 
way  of  complete  success. 

CONSTRUCTION  AND  MAINTENANCE 

The  construction  and  repair  work  of  the  year  has  been  carried  on  by  George 
D.  Jones  and  has  included  the  completion  of  the  house  and  moving  mechanism 
for  the  50-foot  interferometer  and  the  erection  of  a  portion  of  the  mounting, 
the  construction  of  a  large  concrete  retaining  wall  near  the  Monastery,  the 
building  of  several  brick  chimneys  in  the  wooden  cottages,  and  considerable 
work  upon  the  road,  telephone  line  and  the  fire-breaks  near  the  summit  of  the 
mountain.  The  150-foot  tower  telescope  and  the  interior  of  the  Monastery 
have  been  painted  throughout. 

In  Pasadena  the  alterations  in  the  rear  of  the  instrument  shop  have  been 
completed  and  the  wood-working  department  has  been  transferred  to  the  new 
rooms.  This  change  has  resulted  in  a  gain  in  storage  space  and  convenience 
of  operation  to  the  instrument  shop,  and  in  a  marked  reduction  in  fire  risk. 
The  ground  floor  of  the  Government  building  has  been  slightly  remodeled, 
and  piers  have  been  built  to  provide  for  the  use  of  laboratory  instruments. 
Most  of  the  apparatus,  including  the  ccelostat  and  concave-grating  spectro- 
graph, previously  used  by  Babcock  in  the  physical  laboratory,  has  been  moved 
to  these  new  quarters,  and  the  reduction  in  the  congestion  of  the  laboratory 
has  been  of  great  advantage.  Several  small  offices  have  also  been  constructed 
on  the  upper  floor  of  the  Government  building,  and  the  painting  and  necessary 
repairs  of  the  other  buildings  have  been  continued  as  usual. 

Merritt  Dowd,  engineer,  and  Sidney  Jones  and  Lockwood  Gail,  assistant 
engineers,  have  carried  on  the  maintenance  of  the  power  and  water  services 
on  Mount  Wilson.  They  have  also  given  much  time  to  the  care  of  the 
instruments  and  to  the  construction  and  installation  of  electrical  equipment 
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at  the  Solar  Laboratory.  The  remarkably  small  number  of  interruptions  to 
the  continuous  operation  of  the  large  telescopes  on  Mount  Wilson  affords 
excellent  evidence  of  the  care  with  which  the  complicated  electrical  and 
mechanical  equipment  is  maintained  and  guarded. 

The  precipitation  of  the  past  winter  was  slightly  above  the  normal  and  was 
noteworthy  for  the  amount  of  snowfall,  thus  assuring  an  ample  water  supply 
for  the  summer  season.  The  new  well  upon  which  work  was  commenced  in 
the  spring  of  1926  was  completed  during  the  summer  and  a  pumping  system 
was  installed,  connecting  it  with  the  well  already  in  use.  In  this  way  full 
utilization  is  made  of  the  principal  resources  of  the  Mount  Wilson  watershed. 

No  serious  forest  fires  occurred  during  the  year  to  threaten  the  Mount 
Wilson  area.  Although  the  number  of  people  entering  the  Forest  Reserve  is 
becoming  greater  each  year,  the  work  of  the  Forest  Service  in  enforcing  neces- 
sary regulations,  developing  fire  breaks  and  conducting  an  efficient  patrol 
system  is  steadily  reducing  the  probability  of  such  extensive  fires  as  have  been 
a  source  of  danger  to  the  Observatory  in  the  past. 


NUTRITION  LABORATORY  1 

Francis  G.  Benedict,  Director 

Because  of  the  decrease  in  its  staff,  the  Nutrition  Laboratory  has  found 
that,  in  order  to  maintain  the  usual  level  of  its  scientific  output,  an  increasing 
number  of  outside  cooperative  contacts  with  other  institutions  are  necessary 
each  year.  These  outside  contacts  are  of  several  kinds — thus,  periodic 
tours  of  investigation  of  the  work  of  other  institutions  are  undertaken  by 
senior  staff  members.  Such  tours  involve  pre-arranged  visits  to  the  most 
important  research  centers  in  this  country  and  Europe.  On  these  tours  it 
has  been  the  policy  of  the  Nutrition  Laboratory  to  have  its  representative  go 
to  a  sister  institution,  taking  with  him  for  discussion  the  unpublished  results  of 
development  of  technique  and  apparatus  and  not  infrequently  the  protocols 
of  studies  in  hand.  This  material  is  usually  presented  in  the  form  of  a  care- 
fully prepared,  somewhat  formal  lecture.  Thus  the  latest  results  are  taken 
directly  to  the  research  centers,  distinctly  in  advance  either  of  presentation 
before  a  scientific  society  or  congress  or  in  advance  of  publication.  The 
mutual  advantage  derived  by  such  presentation  and  discussion  has  been  well 
established.  First-hand  assistance  can  be  given  immediately  to  those  inter- 
ested in  the  techniques,  results  can  be  discussed,  lacunae  in  the  general  plan 
are  sure  to  be  noted,  and  these  can  be  filled  in  by  subsequent  experiments, 
thus  resulting  in  the  final  presentation  of  the  material  in  a  form  better  able  to 
withstand  criticism.  The  offered  pre-publication  presentation  of  the  Nutri- 
tion Laboratory  material,  usually  under  the  auspices  of  the  visited  institution, 
immediately  opens  the  doors  of  this  and  allied  institutions  to  the  Laboratory's 
representative,  and  information  becomes  available  to  us  months,  if  not  indeed 
years,  in  advance  of  publication. 

A  second  form  of  contact  is  that  whereby  researches  in  other  American 
institutions  are  carried  out  in  intense  cooperation  with  the  Nutrition  Labora- 
tory. Thus,  such  investigations  have  already  been  completed  at  the  New 
York  Zoological  Park,  at  the  Springfield  Y.  M.  C.  A.  College,  at  Mount 
Holyoke  College,  and  at  Teachers  College,  New  York,  and  at  present  active 
cooperative  researches  are  going  on  at  Wellesley  College,  at  the  University  of 
New  Hampshire,  and  at  the  Department  of  Genetics  of  the  Carnegie  Institu- 
tion of  Washington. 

A  third  means  of  outside  contact  is  that  of  assuming  responsibility  for  the 
training  and  equipment  of  a  number  of  field  workers  associated  with  the  ex- 
peditions of  the  Carnegie  Institution  and  other  institutions.  These  field 
workers  plan  to  study  the  basal  metabolism  of  various  remote  races  and  at 
the  same  time  to  note  the  basal  metabolism  of  the  American  members  of  these 
various  expeditions.  At  this  moment  such  observations  are  being  carried  on 
at  Hongkong,  Jamaica,  Yucatan  and  Peru,  and  one  field  worker  is  en  route  to 
New  Guinea. 

The  Nutrition  Laboratory  is  being  called  upon  more  and  more  for  advice 
and  assistance  in  the  prosecution  of  research  in  other  institutions,  such  as 
hospital  research  centers.  In  these  instances  not  only  is  advice  given  by  the 
Laboratory,  but  assistants  are  personally  trained  and  frequently  equipment 

1  Situated  in  Boston,  Massachusetts. 
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(often  of  considerable  magnitude)  is  loaned  and  used  with  the  cooperation  of 
the  Laboratory.  For  example,  such  loans  have  been  extended  to  the  Walter 
Fernald  School  for  Defectives,  the  Massachusetts  General  Hospital,  the 
Peter  Bent  Brigham  Hospital,  and  the  New  England  Deaconess  Hospital. 
It  has  been  our  good  fortune  to  be  able  to  assist  a  number  of  foreign  labora- 
tories, particularly  in  the  utilization  of  our  newest  findings  with  regard  to  the 
measurement  of  skin  temperature,  and  certain  minor  apparatus  have  been 
donated  to  the  Hopital  de  la  Pitie  in  Paris,  to  the  laboratory  of  the  Societe 
Scientifique  d'Hygiene  Alimentaire  in  Paris,  to  the  Laboratory  of  Psychiatry 
at  Groningen,  Holland,  and  to  the  Nederlandsch  Instituut  voor  Volksvoeding 
at  Amsterdam,  Holland. 

COOPERATING  AND  VISITING  INVESTIGATORS 

Professor  E.  G.  Ritzman,  of  the  Department  of  Animal  Nutrition  of  the 
University  of  New  Hampshire,  has  continued  his  active  cooperation  in  the 
research  of  animal  nutrition. 

Professor  Hazeltene  Stedman-Parmenter,  formerly  of  the  Department  of 
Physiology,  Mount  Holyoke  College,  South  Hadley,  Massachusetts,  has 
cooperated  extensively  in  the  preparation  of  the  large  mass  of  material 
collected  by  her  on  the  physiology  of  the  young  college  woman. 

Dr.  Howard  F.  Root,  of  the  New  England  Deaconess  Hospital,  has  kept  in 
active  contact  with  the  Laboratory  in  the  study  of  a  case  of  voluntary  loss  in 
weight  through  diet  and  in  the  experiments  on  insensible  perspiration,  includ- 
ing measurements  of  the  basal  metabolism  and  skin  temperature. 

Mrs.  Cornelia  Golay  Benedict  has  cooperated  in  the  studies  on  insensible 
perspiration — particularly  in  the  study  on  the  after-effects  of  a  neutral  bath. 

Dr.  Oscar  Riddle,  of  the  Department  of  Genetics  of  the  Carnegie  Institution 
of  Washington,  is  continuing  the  more  general  supervision  of  the  research  on 
the  metabolism  of  various  races  of  pigeons,  and  frequent  conferences  are  held 
with  him  at  Cold  Spring  Harbor,  Long  Island,  New  York. 

Professor  Grace  MacLeod,  of  the  Department  of  Nutrition,  Teachers 
College,  Columbia  University,  New  York  City,  has  concluded  her  observa- 
tions on  the  metabolism  of  the  albino  rat,  and  the  preparation  of  the  material 
for  publication  is  already  under  way. 

Professor  J.  M.  Fuller  of  Durham,  New  Hampshire,  is  continuing  his 
observations  on  the  physiology  of  the  dairy  cow.  In  addition,  Miss  Mary  E. 
A.  Pillsbury  and  Miss  A.  Gertrude  Farr  have  been  making  a  survey  of  the 
energy  value  of  the  food  furnished  to  students  at  the  University  of  New 
Hampshire  and  in  nearby  restaurants. 

Miss  Florence  Gustafson,  of  the  Department  of  Physiology  at  Wellesley 
College,  has  furthered  a  major  project  for  studying  the  metabolism  of  a  large 
group  of  young  college  women  periodically  throughout  the  entire  year. 

Dr.  J.  Pi-Sufier,  of  the  Department  of  Physiology  at  the  University  of 
Barcelona,  Spain,  spent  several  months  at  the  Nutrition  Laboratory,  making 
a  most  critical  survey  of  the  gas-analysis  technique  of  Dr.  Carpenter  and  our 
various  metabolism  measurements,  with  the  object  of  subsequently  introduc- 
ing these  techniques  in  the  clinic  and  laboratory  at  Barcelona. 

Among  those  visiting  the  Laboratory  during  the  year,  with  all  of  whom 
most  stimulating  conferences  were  had,  were  Professors  E.  F.  Du  Bois  of 
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New  York,  Henri  Freclericq  of  Liege,  Olav  Hanssen  of  Oslo,  A.  V.  Hill  of 
London,  Marcel  Labbe  of  Paris,  Walter  R.  Miles  of  Stanford  University, 
Tadasu  Saiki  of  Tokyo,  and  Richard  Willstatter  of  Munich. 

LECTURES 

During  the  Director's  foreign  tour  from  July  1926  to  January  1927,  lectures 
were  given  in  approximately  twenty-five  European  universities  and  scientific 
institutions,  chiefly  upon  the  newer,  unpublished  work  of  the  Nutrition 
Laboratory.  On  January  24,  1927,  the  Director  spoke  at  the  Evans  Memorial 
Hospital  in  Boston  on  "Some  unusual  methods  in  human  physiology." 
On  March  1  he  delivered  a  lecture  on  "Some  recent  researches  on  the  produc- 
tion and  loss  of  heat  in  the  human  body"  at  the  Peter  Bent  Brigham  Hospital 
in  Boston.  At  Western  Reserve  University,  Cleveland,  Ohio,  on  March  14 
and  15,  the  two  McBride  Lectures  were  given  on  "Methods  of  studying  food 
needs  of  humans"  and  "The  energy  needs  of  the  human  machine."  On 
April  14  at  Wellesley  College  and  on  April  22  at  Teachers  College,  Columbia 
University,  New  York,  a  lecture  entitled  "Recent  studies  in  human  and  ani- 
mal metabolism"  was  given,  and  on  May  11  at  the  University  of  New  Hamp- 
shire an  address  on  "Physiological  research  institutions  of  Europe." 

INVESTIGATIONS  IN  PROGRESS 

Gas  analysis — The  Carpenter  gas-analysis  apparatus  for  use  in  investiga- 
tions with  chamber  apparatus  is  being  applied  to  several  forms  of  respiration 
apparatus,  and  during  the  past  year  studies  have  been  made  by  Dr.  T.  M. 
Carpenter  with  reference  to  the  best  absorbent  for  oxygen  and  the  best  form 
of  pipette  for  the  pyrogallol  solution.  E.  L.  Fox  and  A.  F.  Sereque  have 
carried  out  the  necessary  analyses. 

Metabolism  of  levulose  and  dextrose — The  studies  on  the  minimum  amount  of 
levulose  and  dextrose  which  will  produce  a  change  in  the  respiratory  quotient, 
begun  by  Dr.  Carpenter  last  year,  were  completed  by  him  this  year  and  th 
results  are  now  being  prepared  for  publication.  A  research  on  the  effect  upon 
the  respiratory  exchange  of  large  quantities  of  dextrose  and  levulose  given 
during  the  performance  of  muscular  work  is  now  in  progress.  E.  L.  Fox  has 
assisted  in  carrying  out  the  experiments  in  these  different  studies. 

Insensible  perspiration — At  the  conclusion  of  the  intensive  study  on  in- 
sensible perspiration  with  reference  to  its  correlation  with  basal  metabolism, 
its  nature  and  its  apportionment  between  the  lungs  and  the  skin,  it  was  found 
that  certain  factors  still  remained  to  be  studied.  A  number  of  experiments 
have  therefore  been  made  on  the  rate  of  weight  loss  during  the  first  moments 
after  disrobing  and  on  the  possibility  of  a  disproportion  in  the  vaporization  of 
water  from  the  lungs  and  skin,  when  the  subject  is  breathing  dry,  hot  air. 
This  investigation  was  carried  out  with  the  cooperation  of  Mrs.  Cornelia 
Golay  Benedict  and  Miss  M.  D.  Finn. 

Influence  of  the  neutral  bath — Mrs.  Benedict  and  Miss  Finn  have  also  studied 
the  possible  after-effects  of  the  neutral  bath. 

Measurements  of  skin  temperature — Although  the  use  of  skin-temperature 
measurements  has  been  rapidly  introduced  into  nearby  hospitals,  our  researches 
on  skin  temperature  have  been  continued,  primarily  in  a  study  of  the  after- 
effect of  moderate  muscular  work.     The  possible  effect  of  prior  cooling  of  the 
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skin  by  exposure  was  also  studied  in  that  the  nude  subject  was  exposed  to 
the  room  temperature  for  an  hour  and  a  half.  Following  this  exposure  the 
skin  temperature  was  measured.  The  subject  then  exercised  on  the  tread- 
mill and  skin-temperature  measurements  were  again  made.  This  research 
was  carried  out  in  cooperation  with  Miss  M.  D.  Finn. 

Temperature  of  expired  air — A  factor  in  metabolism  about  which  there  is 
still  little  known  is  the  temperature  cycle  of  the  air  leaving  the  lungs.  With 
the  thermo-electric  method  a  number  of  measurements  of  the  temperature  of 
expired  air  have  been  made  on  the  members  of  the  laboratory  staff  under 
different  conditions  of  environmental  temperature.  The  investigation  is 
still  in  progress  and  has  been  in  large  part  in  the  hands  of  V.  Coropatchinsky. 

Metabolism  of  the  albino  rat — Employing  the  exceptional  rat  colony  of 
Professor  H.  C.  Sherman  of  Columbia  University,  New  York,  and  in  coopera- 
tion with  Professor  Grace  MacLeod  of  Teachers  College,  Columbia  University, 
the  Nutrition  Laboratory  has  for  a  number  of  years  been  studying  the 
metabolism  of  the  normal  albino  rat,  laying  special  stress  upon  the  influence  of 
age,  sex  and  environmental  temperature.  The  investigation  is  now  drawing 
to  a  close  and  the  results  are  being  prepared  for  publication. 

Metabolism  of  large  ruminants — At  the  University  of  New  Hampshire, 
Durham,  New  Hampshire,  in  cooperation  with  Professor  E.  G.  Ritzman,  a 
number  of  studies  have  been  carried  out  during  the  past  winter  on  the  res- 
piratory exchange  of  two  dry  milch  cows  at  various  nutritive  levels.  Inci- 
dental studies  have  also  been  made  bearing  upon  the  influence  of  environ- 
mental temperature  and  the  rapidity  of  adjustment  to  a  fasting  level  under 
various  nutritive  states.  In  these  studies  Professor  Ritzman  has  been  ably 
assisted  by  Miss  H.  M.  Hilton,  R.  M.  Batchelder,  A.  D.  Littlehale,  and  M.  H. 
Voyagis. 

Physiology  of  the  milch  cow — Using  the  excellent  herd  of  milch  cows  at  the 
University  of  New  Hampshire,  Professor  J.  M.  Fuller  has  been  measuring 
some  of  the  simpler  physiological  factors  in  the  daily  life  of  the  stall-fed,  dairy 
animal.  These  measurements  promise  to  be  an  important  contribution  to  the 
knowledge  of  the  physiology  of  a  familiar,  though  little-studied  animal. 

Respiration  chamber  for  sheep — The  long  experience  of  Professor  Ritzman 
at  the  University  of  New  Hampshire  in  s|ieep  breeding,  particularly  in  con- 
nection with  Dr.  C.  B.  Davenport,  of  the  Department  of  Genetics  of  the 
Carnegie  Institution  of  Washington,  has  made  a  study  of  the  metabolism  of 
the  excellent  flock  at  Durham  an  important  correlative  study  in  connection 
with  our  research  on  large  ruminants.  For  this  purpose  a  respiration  chamber 
of  special  design  has  been  devised.  A  simple  ventilating  device,  dry  gas 
meters  and  an  accurate  Carpenter  gas-analysis  apparatus  complete  the 
equipment.  In  this  connection  a  modified  method  of  gas  sampling  is  being 
studied  by  E.  L.  Fox,  with  which  it  is  hoped  to  eliminate  the  difficult  aliquot- 
ing  devices  hitherto  considered  necessary. 

Metabolism  of  pigeons — The  pigeon  colony  of  Dr.  Oscar  Riddle,  of  the 
Department  of  Genetics,  Cold  Spring  Harbor,  Long  Island,  New  York,  has 
furnished  the  material  for  an  intensive  study  of  the  metabolism  of  these  highly- 
bred  birds,  whose  life  history  is  exactly  known.  The  metabolism  studies 
have  been  followed  by  careful  autopsies.  Unusual  difficulty  has  been  experi- 
enced in  making  these  measurements  because  of  the  great  lability  found  in 
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the  metabolism  of  the  pigeon.  The  equipment  for  these  studies  has  been 
increased  by  installing  two  new  respiration  chambers,  each  with  its  special 
ventilating  system,  in  which  groups  of  ten  birds  of  various  sizes  can  be 
studied  at  the  same  time.  A  large  insulated  flying  cage  has  also  been  installed, 
in  which  the  birds  can  be  maintained  at  exactly  30°  C.  for  24  hours  prior  to 
metabolism  measurements.  Although  the  research  has  developed  unexpected 
difficulties,  the  interest  has  been  increased  thereby.  The  experiments  are 
being  carried  out  by  Miss  Edith  Banta,  under  the  direction  of  Dr.  Riddle. 

A  helmet  for  studying  respiratory  exchange — One  of  the  greatest  drawbacks 
in  the  study  of  the  gaseous  metabolism  of  humans  has  been  heretofore  the 
necessity  for  employing  some  form  of  mouthpiece,  nosepiece  or  face  mask  to 
collect  the  products  of  respiration.  The  various  breathing  appliances  com- 
monly used  in  respiration  studies  are  all  more  or  less  disadvantageous  in  that, 
theoretically  at  least,  they  alter  the  character  of  the  respiratory  exchange. 
Following  the  suggestion  made  many  years  ago  by  Professor  Grafe  of  Wiirz- 
burg,  of  using  a  head-respiration  chamber,  a  simple  helmet  has  been  devised 
which  slips  rapidly  over  the  head,  having  a  thin  rubber-tissue  closure  around 
the  neck,  a  window  in  front,  and  being  well  ventilated.  This  apparatus  has 
been  developed  with  the  assistance  of  E.  L.  Fox,  and  was  demonstrated  by 
Dr.  T.  M.  Carpenter  at  the  exhibition  of  the  Carnegie  Institution  of  Washing- 
ton, December  10-13,  1926. 

Caloric  intake  of  college  students — At  the  University  of  New  Hampshire  an 
oxy-calorimeter  has  been  installed,  with  which  the  energy  value  of  the  servings 
at  various  eating  establishments  in  Durham,  New  Hampshire,  is  being 
determined.  Miss  Mary  E.  A.  Pillsbury  and  Miss  A.  Gertrude  Farr  have 
been  making  these  determinations. 

Racial  metabolism — The  study  of  the  basal  metabolism  of  different  races, 
which  began  with  observations  upon  Oriental  women  students  at  Mount 
Holyoke  College  and  Teachers  College,  New  York,  has  rapidly  extended  and 
an  apparatus  has  been  especially  devised  for  field  work  in  remote  localities. 
A  number  of  these  apparatus  have  been  constructed  and  arrangements  are 
being  made  for  lending  them  to  various  workers  in  foreign  fields.  At  present 
the  apparatus  has  been  placed  in  the  hands  of  six  observers,  most  of  whom 
have  already  sent  many  protocols  to  the  Nutrition  Laboratory.  These  men 
are:  Professor  H.  G.  Earle,  School  of  Physiology,  University  of  Hongkong, 
Hongkong;  Morris  Steggerda,  Jamaica,  B.  W.  I.;  0.  W.  Torreson,  Huancayo 
Magnetic  Observatory,  Huancayo,  Peru;  Dr.  G.  D.  Williams,  Chichen  Itza, 
Dzitas,  Yucatan,  Mexico;  Dr.  J.  E.  Gullberg,  Rabaul,  New  Guinea;  Professor 
C.  S.  Hicks,  Department  of  Pathology,  University  of  Adelaide,  Adelaide, 
South  Australia.  Of  these  workers  all  but  one  have  been  trained  at  the 
Nutrition  Laboratory  in  the  technique  and  computation  of  results,  and  it  is 
therefore  believed  that  the  final  data  should  be  capable  of  exact  comparison. 
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PUBLICATIONS 

(1)  Insensible  perspiration:  Its  relation  to  human  physiology  and  pathology.      Francis  G.  Benedict 

and  Howard  F.  Root.     Arch.  Intern.  Med.,  vol.  38,  pp.  1-35  (1926). 

Measurements  of  the  insensible  perspiration  indicated  that  body-size, 
ingestion  of  food,  and  exercise  all  have  an  influence  upon  this  loss.  Since 
these  factors  likewise  affect  the  metabolism,  it  is  evident  that  there  is  a  rela- 
tionship between  the  insensible  loss  and  the  metabolism.  Thyroid  patients, 
whose  metabolism  is  high,  were  found  to  have  a  large  insensible  loss,  and 
diabetic  patients,  whose  metabolism  is  low,  were  found  to  have  a  small  loss. 
The  relationship  between  the  insensible  perspiration  and  the  metabolism  of 
these  two  types  of  pathologic  cases  was  such  that  when  the  data  for  the 
hourly  insensible  perspiration  were  plotted  with  reference  to  the  24-hour  heat 
production,  a  straight  line  curve  indicated  the  general  trend  of  the  metabolism. 
When  the  insensible  perspiration  of  either  pathologic  patients  or  normal 
subjects  was  measured  under  ideal  conditions  and  the  metabolism  was 
determined  at  essentially  the  same  time,  it  was  found  that  the  straight  line 
curve  based  on  the  data  for  diabetic  and  thyroid  patients  may  serve  as  an 
excellent  index  of  the  metabolism  obtaining  at  the  time  of  measurement  of  the 
insensible  perspiration,  even  with  normal  subjects.  Practical  use  of  this 
method  in  the  clinic  has  already  demonstrated  its  helpfulness. 

(2)  The  nature  of  the  "perspiratio  insensibilis."     Cornelia  Golay  Benedict  and  Francis  G.  Bene- 

dict.    Skand.  Arch.  f.  Physiol.,  vol.  49,  p.  89  (1926). 

An  abstract  of  an  address  delivered  at  the  Xllth  International  Physiological 
Congress  in  Stockholm,  Sweden,  in  August  1926. 

(3)  A  gas-analysis  apparatus  modified  for  the  determination  of  methane  in  metabolism  experiments. 

Thorne  M.  Carpenter  and  Edward  L.  Fox.     Jour.  Biol.  Chem.,  vol.  70,  pp.   115-121 
(1926). 

The  gas-analysis  apparatus  used  in  the  investigations  of  chamber  air  has 
been  modified  by  the  addition  of  a  combustion  pipette  for  the  determination 
of  methane  in  metabolism  experiments  with  ruminants.  It  has  been  tested 
with  known  mixtures  of  methane  and  outdoor  air,  and  satisfactory  results 
have  been  obtained.  It  is  now  in  constant  use  at  the  Laboratory  for  Animal 
Nutrition  of  the  University  of  New  Hampshire. 

(4)  Neuere  Stoffwechseluntersuchungen  anMenschenundTieren.    Francis  G.  Benedict.    Verhandl. 

d.  phys.-med.  Gesellschaft  zu  Wtirzburg,  vol.  51,  pp.  116-117  (1926). 

Resume  of  an  address  given  before  the  Physical-Medical  Society  at  Wtirz- 
burg, Germany,  October  7,  1926,  on  the  current  work  of  the  Nutrition  Labora- 
tory, with  special  reference  to  measurements  made  with  its  various  types  of 
respiration  calorimeters,  respiration  apparatus,  skin-temperature  apparatus 
and  insensible  perspiration  balances. 

(5)  The  metabolism  of  the  fasting  steer.     Francis  G.  Benedict  and  Ernest  G.  Ritzman.     Carnegie 

Inst.  Wash.  Pub.  No.  377,  246  pp.  (1927). 

At  the  Laboratory  for  Animal  Nutrition,  Agricultural  Experiment  Station, 
Durham,  New  Hampshire,  two  adult  steers  and  two  young  steers  were  sub- 
jected at  varying  intervals  to  fasts  of  from  2  to  14  days,  following  maintenance 
or  submaintenance  feeding  or  pasturage.  A  respiration  chamber  especially 
constructed  for  large  domestic  animals  and  a  Carpenter  gas-analysis  apparatus 
enabled  the  determination  of  the  carbon-dioxide  production  and  the  respira- 
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tory  quotient.  Extensive  urine  analyses  were  also  made  (see  publication  No. 
12  in  this  list).  The  heart-rate  fell  to  a  level  of  28  or  30  beats  per  minute,  but 
the  rectal  temperature  remained  constant  at  about  38.2°  C.  The  heat  pro- 
duction decreased  markedly  during  the  first  one  or  two  days  and  less  markedly 
thereafter,  reaching  at  the  end  of  the  14-day  fast  a  level  of  about  1,300  or 
1,400  calories  per  square  meter  of  body-surface  per  24  hours.  There  were, 
however,  pronounced  differences  in  the  level  of  the  metabolism  at  the  start 
of  the  various  fasts,  due  to  differences  in  the  amount  and  character  of  the 
preceding  ration.  With  the  younger  steers,  which  fasted  after  submain- 
tenance  feeding,  the  metabolism  per  unit  of  size  was  in  general  higher  than 
that  of  the  adult  steers  when  fasting  under  the  same  conditions,  indicating 
the  higher  metabolism  of  the  immature  protoplasm.  A  plateau  in  the  metabo- 
lism usually  occurred  about  32  hours  after  food.  Under  essentially  main- 
tenance conditions  of  nutrition,  the  metabolism  at  this  time  interval  after 
food  was  about  1,700  calories  per  square  meter  of  body-surface  per  24  hours, 
when  the  steer  was  standing  the  entire  time.  When  lying,  the  probable  basal 
energy  requirement  of  the  steer  was  about  1,300  calories.  In  a  series  of  con- 
tinuous 4-day  respiration  experiments  (the  first  two  days  with  food  and  the 
following  two  days  without  food)  data  were  secured  which  proved  that  the 
method  of  computing  the  fasting  katabolism  from  experiments  at  two  differ- 
ent feed-levels  (maintenance  and  submaintenance)  gives  results  too  low,  since 
the  lowering  effect  of  undernutrition  is  included  in  the  measurements  made 
with  the  reduced  ration.  These  experiments  likewise  indicated  that  the 
ingestion  of  7  kg.  of  either  timothy  hay  (nitrogen  content  0.99  per  cent)  or 
alfalfa  hay  (nitrogen  content  2.06  per  cent)  increased  the  total  heat  produc- 
tion on  the  average  from  50  to  60  per  cent,  not  alone  during  the  height  of 
digestion  but  throughout  an  entire  24-hour  period. 

(6)  The  fasting  of  large  ruminants.     Francis  G.  Benedict  and  Ernest  G.  Ritzman.     Proc.  Nat. 

Acad.  Sci.,  vol.  13,  pp.  125-131  (1927). 

A  brief  presentation  of  material  published  in  detail  in  Carnegie  Inst. 
Wash.  Pub.  No.  377. 

(7)  The  basal  metabolism  of  steers.     Francis  G.  Benedict  and  Ernest  G.  Ritzman.     Proc.  Nat. 

Acad.  Sci.,  vol.  13,  pp.  132-136  (1927). 

A  brief  presentation  of  material  published  in  detail  in  Carnegie  Inst.  Wash. 
Pub.  No.  377. 

(8)  The  metabolic  stimulus  of  food  in  the  case  of  steers.     Francis  G.  Benedict  and  Ernest  G.  Ritz- 

man.    Proc.  Nat.  Acad.  Sci.,  vol.  13,  pp.  136-140  (1927). 

A  brief  presentation  of  material  published  in  detail  in  Carnegie  Inst.  Wash. 
Pub.  No.  377. 

(9)  The  nature  of  the  insensible  perspiration.     Francis  G.  Benedict  and  Cornelia  Golay  Benedict. 

Proc.  Nat.  Acad.  Sci.,  vol.  13,  pp.  364-369  (1927). 

The  nature  of  the  insensible  perspiration  was  studied  with  special  technique, 
enabling  not  only  the  measurement  of  the  total  insensible  loss  but  the  separa- 
tion of  the  losses  from  the  skin  and  the  lungs  and  an  analysis  of  the  loss  from 
the  lungs.  About  45  per  cent  of  the  total  insensible  loss  is  in  water  from  the 
skin,  about  45  per  cent  is  in  water  from  the  lungs,  and  10  per  cent  represents 
the  difference  between  the  intake  of  oxygen  and  the  output  of  carbon  dioxide. 
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(10)  Absence  of  stratification  and  rapidity  of  mixing  of  carbon  dioxide  in  air  samples.     Thorne  M. 

Carpenter  and  Edward  L.  Fox.     Jour.  Biol.  Chem.,  vol.  73,  pp.  379-381  (1927). 

Experiments  were  made  to  determine  whether  stratification  of  carbon 
dioxide  takes  place  in  a  sample  of  air  when  left  undisturbed  for  several  days. 
The  results  show  no  evidence  of  stratification.  The  rapidity  of  mixture  of 
carbon  dioxide  with  air  was  also  determined,  and  the  diffusion  was  found  to 
be  rapid  and  complete  even  under  extreme  conditions. 

(11)  Etudes  r6centes  sur  le  mitabolisme  humain  et  animal.     Francis  G.  Benedict.     Bull.  Soc.  Sci. 

d'Hygiene  Alimen.,  vol.  15,  pp.  172-218  (1927). 

A  report  in  full  of  an  address  given  before  the  Societe  Scientifique  d'Hygiene 
Alimentaire  in  Paris,  December  11,  1926.  Details  are  given  of  the  various 
techniques  employed  in  metabolism  measurements,  together  with  numerous 
illustrations  of  apparatus  and  tables  and  curves  of  results.  The  special 
features  touched  upon  are  the  calorimetric  work,  the  insensible  perspiration, 
the  temperature  of  expired  air,  the  skin  temperature,  the  metabolism  of 
pigeons,  rats  and  steers,  and  the  metabolism  of  humans  under  different  con- 
ditions of  rest  and  work. 

(12)  The  composition  of  the  urine  of  steers  as  affected  by  fasting.     Thorne  M.  Carpenter.     Am. 

Jour.  Physiol.,  vol.  81,  pp.  519-551  (1927). 

The  urines  of  two  adult  steers  (circa  600  kg.)  were  collected  in  5  fasts  of  5 
to  14  days  and  the  volume,  the  total  nitrogen,  the  sulphur  distribution  and 
the  chlorides  were  determined.  In  still  another  5-day  fast  after  pasture  and 
a  10-day  fast  after  submaintenance  feeding,  the  nitrogen  distribution,  acetone 
bodies,  total  fixed  bases  and  organic  acids  were  also  determined  in  the  collected 
urines.  In  a  5-day  and  6-day  fast,  respectively,  of  two  younger  steers  (circa 
250  kg.),  all  the  constituents  were  determined  except  chlorides,  sulphurs  and 
total  fixed  bases.  The  general  trend  in  the  rate  of  elimination  of  urinary 
constituents  was  a  falling  off,  depending  upon  the  previous  ration,  with  the 
exception  of  a  rise  in  inorganic  sulphates  and  a  marked  increase  in  urea,  deter- 
mined only  in  fasts  after  submaintenance  feeding.  An  exception  to  the 
general  trend  in  the  total  nitrogen  excretion  was  the  increase  during  the  fasts 
after  submaintenance  ration  with  both  the  adult  and  the  younger  steers. 
The  creatinine  coefficient  was  similar  to  those  of  other  mammals.  A  calcula- 
tion of  the  nitrogen  partition  showed  a  lowering  of  the  amino-acid  and 
hippuric-acid  nitrogen  percentages  during  fasting,  an  increasing  urea-nitrogen 
percentage,  and  an  approach  in  general  to  a  nitrogen  distribution  (so  far  as 
ammonia,  urea  and  creatinine  are  concerned)  similar  to  that  found  with  men 
on  a  low  nitrogen  level.  Striking  results  were  the  poor  economy  of  the 
nitrogen  metabolism  of  steers  as  indicated  by  the  relatively  high  proportions 
of  the  total  nitrogen  as  hippuric-acid  nitrogen  at  the  beginning  of  the  fasts 
and  on  the  resumption  of  food  and  the  absence  of  acidosis  as  shown  by  the 
low  percentage  of  ammonia  nitrogen  and  the  practically  negligible  elimination 
of  ketone  bodies.  The  fasting  baseline,  or  the  disappearance  of  the  effect  of 
previous  food,  was  reached  by  the  fourth  to  the  sixth  day. 

SUMMARY  OF  THE  YEAR'S  WORK 

Among  the  more  salient  points  in  the  activities  for  the  year  have  been  (1) 
the  development  of  special  features  in  the  Carpenter  gas-analysis  apparatus, 
(2)  a  study  of  the  respiratory  exchange  following  the  ingestion  of  various 
amounts  of  levulose  and  dextrose,  (3)  further  measurements  of  the  insensible 
perspiration,  with  special  attention  to  the  separation  of  the  loss  by  the  lungs 
from  that  by  the  skin,  (4)  a  further  study  of  the  influence  of  the  neutral  bath 
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on  human  metabolism,  (5)  a  considerable  advance  in  the  introduction  of  the 
use  of  skin-temperature  measurements  not  only  in  laboratory  researches  but 
in  neighboring  hospitals,  (6)  studies  of  the  temperature  of  the  expired  air,  (7) 
the  development  of  a  helmet  respiration  apparatus  which  simplifies  greatly  the 
determination  of  the  respiratory  exchange,  (8)  the  elaboration  of  a  wide  pro- 
gram, with  training  of  associates,  for  a  comprehensive  study  of  the  metabolism 
of  various  races,  (9)  a  survey  of  the  caloric  intake  of  college  students, 
(10)  the  bringing  to  conclusion  a  special  study  of  the  metabolism  of  the  albino 
rat,  (11)  a  study  of  the  metabolism  of  sheep  and  large  ruminants  under  various 
conditions  of  feed,  accompanied  by  important  observations  on  the  physiology 
of  the  milch  cow,  (12)  a  research  on  the  extremely  complicated  problem  of  the 
metabolism  of  pigeons  of  various  races  and  with  various  anatomical  differ- 
ences, and  (13)  the  delivery  in  numerous  European  research  laboratories  and 
clinics  of  an  address  on  the  unpublished  work  of  the  Nutrition  Laboratory, 
followed  by  conferences  and  inspection  of  work  in  hand. 

Although  only  in  its  earliest  inception,  a  projected  study  of  the  metabolism 
of  rats  receiving  the  special  diets  developed  by  Professor  Lafayette  B.  Mendel 
and  Dr.  T.  B.  Osborne  of  New  Haven  has  progressed  to  the  extent  of  the 
construction  of  an  elaborate  respiration  system  which  is  to  be  installed  im- 
mediately at  Yale  University,  New  Haven,  Connecticut. 


LABORATORY  FOR  PLANT  PHYSIOLOGY1 

D.  T.  MacDougal,  Director 

The  operations  of  the  department  have  included  a  continuance  of  observa- 
tions in  the  delta  of  the  Colorado  River  begun  in  1904,  the  study  of  rainfall 
and  erosion  on  vegetation  in  Arizona,  Sonora  and  California,  of  the  behavior 
of  transplanted  species  at  the  seaside,  on  elevated  mountain  slopes  and  in  the 
desert;  analyses  of  the  properties  of  long-lived  cells  in  cacti  and  in  trees, 
experiments  in  the  determination  of  the  factors  in  permeability  of  constructed 
and  living  cells. 

Intensive  studies  have  been  made  in  some  plant  pigments  of  importance  in 
photosynthesis,  of  transformations  of  carbohydrates  and  oxidations. 

The  seasonal  course  of  growth  in  trees  and  cacti  has  been  a  subject  of  study 
for  more  than  a  decade  in  this  laboratory.  New  pieces  of  apparatus  have 
been  designed  and  new  methods  of  observation  developed.  Some  progress 
has  been  made  in  the  determination  of  the  varying  composition  of  gases 
accumulated  in  tree-trunks  in  accompaniment  to  growth  and  maturation  of 
wood. 

Hydrostatics  and  the  movements  of  solutions  (sap)  in  plants  has  been  the 
subject  of  a  cooperative  study  by  Professor  J.  B.  Overton,  of  the  University 
of  Wisconsin,  and  Professor  Gilbert  Smith,  of  Stanford  University,  with 
Doctor  D.  T.  MacDougal.  Mr.  Jesse  L.  Doughty  of  the  University  of 
California  spent  three  months  at  the  Desert  Laboratory  in  1927  making  soil 
analyses  in  cooperation  with  Doctor  Forrest  Shreve. 

Messrs.  Edward  H.  Graham,  Kenneth  Doutt  and  Herbert  Graham,  of  the 
staff  of  the  Carnegie  Museum,  Pittsburgh,  spent  three  months  at  the  Desert 
Laboratory,  making  collections  of  plants,  mammals  and  insects.  Particular 
attention  was  given  to  the  biota  of  areas  which  are  being  most  used  in  con- 
nection with  the  work  of  the  Desert  Laboratory. 

Doctor  James  H.  C.  Smith  and  Doctor  Harold  H.  Strain  have  joined  the 
staff  during  the  year.  Doctor  Smith  is  on  leave  of  absence  in  Europe  develop- 
ing certain  photochemical  methods.  Doctor  F.  S.  Brackett  of  the  University 
of  California  spent  part  of  the  summer  at  the  Coastal  Laboratory  working  on 
the  spectroscopic  analysis  of  certain  aspects  of  the  photosynthesis  problem. 

The  members  of  the  staff  have  participated  in  conventions  and  lectured  at 
various  universities  and  scientific  conventions.  An  unusual  number  of 
conferences  have  been  held  during  the  year,  in  which  work  in  the  department 
and  cooperative  arrangements  have  been  discussed. 

GROWTH 
Factors  or  Agencies  Affecting  Growth,  Especially  in  Trees,  by  D.  T.  MacDougal 

The  activity  of  protoplasm  in  cell-division,  accretions  to  living  material, 
and  distention  of  cells  as  expressed  in  changes  of  volume  of  members  or  organs 
of  a  plant  is  determined  by  the  degree  of  hydration  of  the  jellies  of  the  colloids 
of  the  cell,  temperature  and  supply  of  food-material. 

The  amount  of  moisture  available  for  growth  in  a  tree,  for  example,  ulti- 
mately depends  upon  the  amount  of  rainfall  from  which  the  soil-moisture 

3  Situated  at  Tucson,  Arizona,  and  Carmel,  California. 
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supply  is  replenished.  The  formation  and  maintenance  of  an  adequate 
reserve  of  sugars  and  other  substances  of  basic  importance  to  a  plant  is  a 
matter  of  temperature,  intensity  and  duration  of  the  wave-lengths  used  in 
photosynthesis  and  the  supply  of  carbon  dioxide  in  the  soil  and  air. 

The  amount  of  growth,  as  expressed  in  thickness  of  woody  layer  constructed 
in  a  tree  trunk  in  a  season  will  be  a  complicated  result  due  to  the  inter-action 
of  all  of  these  factors  or  agencies. 

The  interpretation  of  thickness  of  annual  layers  or  "rings"  of  a  tree  trunk 
in  terms  of  rainfall  alone  will  obviously  result  in  many  discrepancies,  as  is 
copiously  illustrated  by  the  study  of  the  dendrographic  records  of  the  Mon- 
terey pine.  Trees  in  locations  with  free  drainage  show  direct  response  to 
deficient  rainfall.  Trees  near  springs  or  streams,  or  in  swampy  ground,  may 
show  accelerated  growth  by  reason  of  a  water-supply  adequate  at  all  times, 
higher  temperatures  resulting  from  cloudless  skies,  and  an  increased  food- 
supply  manufactured  in  a  more  intense  illumination. 

Many  of  these  external  agencies  may  vary  in  a  manner  parallel  to  the 
fluctuations  in  the  solar  constant,  number  of  sunspots,  etc. 

The  reduction  of  the  extensive  dendrographic  records  of  the  Monterey 
pine  and  the  Coast  redwood  yields  facts  which  make  it  evident  that  the 
growth-response  of  roots,  basal,  median  and  terminal  parts  of  trunks  to 
modifications  in  external  agencies  may  be  markedly  diverse. 

Thus  in  the  "dry"  years  of  1923  and  1924  the  decrease  in  amount  of  growth 
of  the  basal  part  of  the  trunk  showed  a  certain  degree  of  correlation  with  the 
deficient  rainfall,  but  the  amount  of  wood  formed  on  a  diameter  9  meters 
above  the  base  was  much  greater  in  1924  than  in  1923,  with  nearly  the  same 
amount  of  precipitation,  and  greater  than  in  1922  with  a  precipitation  nearly 
double  that  of  1924,  as  illustrated  by  the  table  below: 


Rainfall  and  Growth  of  Monterey  pine  No.  1  A, 

Basal,  B,  Median  portion  of  trunk 

1921 

1922 

1923 

1924 

1925 

1926 

Rainfall 

Growth    B  .  . 

A  .  . 

21.2  in. 
18.     mm. 
19       mm. 

19.8  in. 
12.  6  mm. 
14.0  mm. 

9.3  in. 
8. 1  mm. 
9 . 7  mm. 

10.8  in. 
13.2  mm. 
9.5  mm. 

15.0  in. 
10.0  mm. 
13.2  mm. 

20.8  in. 
12.8  mm. 
9.0  mm. 

An  Automatic  Dendrometer,  by  D.  T.  MacDougal 

My  studies  of  growth,  having  reached  a  stage  in  which  it  was  important  to 
measure  the  changes  in  diameter  of  thin  stems  or  of  the  layer  on  one  side  of 
a  tree  with  greater  precision  than  might  be  secured  with  the  dendrograph, 
and  by  direct  observation,  an  automatic  dendrometer  has  been  perfected. 

As  applied  to  trees  two  bronze  pins  are  screwed  into  the  trunk  on  a 
diameter  at  right  angles  to  the  radius  to  be  measured.  These  two  pins  serve  as 
supports  for  two  triangles  of  invar  rod  which  are  also  attached  to  another  pair 
of  pins  driven  into  the  trunk  several  inches  lower.  A  cross  member  of  invar 
rods  clamped  to  the  projecting  corners  of  the  triangles  serves  as  a  base  for 
the  essential  part  of  the  instrument  which  is  a  lever  pivoted  near  the  lower 
end,  counterweighted  so  that  the  upper  arm  of  the  lever,  20  to  24  cm.  in  length, 
tends  to  swing  in  toward  the  trunk.     A  thin  sliding  rod  of  invar  suitably 
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supported  in  a  horizontal  position  bears  on  a  prepared  surface  of  the  tree  at 
one  end  and  engages  the  long  arm  of  the  lever,  1  cm.  from  the  pivot  for  example. 

Variations  in  thickness  of  the  layer  with  such  a  setting  are  expressed  by 
movements  of  the  tip  of  the  lever  amplified  20  to  24  times.  This  may  be 
increased  or  lessened  by  adjustments.  The  pointed  tip  of  the  lever  moves 
along  a  scale  on  which  a  millimeter  is  divided  into  halves,  fifths  or  tenths.  A 
simple  lens  suitably  supported  enables  the  observer  to  make  readings  by 
which  changes  of  1/300  mm.  or  1/750  of  an  inch  in  the  tree  may  be  measured. 

One  of  these  instruments  attached  to  Monterey  pine  No.  6  of  the  dendro- 
graphic  series  gave  the  following  readings  on  a  mm.  scale  June  25,  1927. 

8  a.  m.     61.0    Clear  and  sunny 
10  a.  m.     62.3  "       " 

4  p.  m.     65.3         "      " 

As  the  indicator  moved  up  the  scale  with  shrinkage  of  the  layer  and  a 
magnification  of  24  was  used,  the  actual  change  was  4.3-^24  or  about  0.18 
meters  during  the  day.  A  diameter  of  the  trunk  within  40  cm.  of  the  radius 
observed,  under  the  dendrograph,  showed  a  total  change  of  0.35  mm.  in  a  whole 
diameter.     On  July  7,  the  following  positions  of  the  indicator  were  noted : 


8  a.  m. 

61.0 

Heavy  fog 

9  a.  m. 

61.0 

u           a 

10:30  a.  m. 

62.1 

Clear  and  warm 

Noon  — 

63.0 

a      <<         a 

5  p.  m. 

64.6 

a      it        (< 

A  total  decrease  in  the  layer  of  3.6  mm.  -f-  24  =  0.15  mm.  was  thus  indicated 
in  the  layers  at  the  outer  end  of  the  radius.  The  dendrograph  recorded  a 
total  change  of  0.2  mm.  in  the  two  layers  included  in  a  diameter  within  40  cm. 
higher  in  the  trunk. 

The  simplicity  of  the  new  instrument  will  make  it  possible  to  take  observa- 
tions at  numerous  points  on  the  surface  of  a  trunk.  By  slight  modifications 
in  the  support,  variations  in  thin  stems  of  small  plants  may  be  measured. 

Dendrographic  Records  of  a  Poplar,  by  D.  T.  MacDougal 

Measurements  of  growth  of  a  poplar  which  had  been  carried  on  at  the  Desert 
Laboratory  in  1920-1922  were  resumed  in  1926.  A  dendrograph  was  attached 
to  the  smooth  trunk  of  Populus  macdougalii  near  the  laboratory  in  February 
1926.  Growth  began  March  1,  and  continued  until  October  25,  a  period  of  239 
days,  in  which  time  the  diameter  increased  from  123  mm.  to  140  mm.  Irriga- 
tion at  frequent  intervals  maintained  an  adequate  supply  of  soil  moisture  at 
all  times. 

The  activity  of  this  tree  represents  the  maximum  seasonal  activity  of  a 
perennial  plant  in  such  a  desert  climate.  Growth,  beginning  when  the  temper- 
ature rises  to  above  the  minimum,  continues  until  the  autumnal  falling 
temperatures  chill  the  protoplasm.  The  growing  period  of  another  tree  in 
1921  was  199  days,  with  a  lesser  enlargement  of  11  mm.  Active  enlargement 
in  1921  began  on  March  5,  and  in  1927  on  March  1. 

Temperatures  of  25  to  31°  C.  were  recorded  by  thermometers  underneath 
the  bark  when  the  air  was  at  40°  C.  and  higher. 
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The  progressive  increase  in  the  proportion  of  carbon  dioxide  in  the  gas 
body  in  the  interior  of  the  trunk  beginning  with  active  growth  is  described  in 
another  section  of  this  report. 

The  Course  of  Growth  in  the  Tree-cactus,  by  D.  T.  MacDougal 

The  course  of  growth  in  tree-cacti  has  been  followed  at  the  Desert  Labora- 
tory for  many  years.  The  last  series  of  measurements  are  by  a  dendrographic 
record  of  tree-cactus  No.  33,  continuous  since  1924. 

Daily  variations  in  diameter  of  2  mm.  (nearly  0.5  inch)  were  found;  an 
amount  equivalent  to  the  total  net  increase  for  the  season  of  1924.  On  the 
other  hand  the  swelling  following  a  summer  rain  might  be  as  much  as  32  mm. 
(over  an  inch).  Growth  in  1925  amounted  to  12  mm.  in  diameter.  Elonga- 
tion of  20  mm.  took  place  in  1924  and  60  mm.  in  1925. 

The  conditions  for  growth  in  1926  were  so  favorable  that  the  increase  in 
diameter  by  hydration  and  growth  was  100  mm.,  with  a  correspondingly  great 
elongation  of  130  mm. 

Growth  of  roots  in  length  and  thickness  begins  at  much  lower  temperatures 
than  those  necessary  for  the  trunk — in  February  in  two  or  three  months 
before  the  generative  cells  in  the  trunk  become  active. 

Studies  of  the  cacti  have  opened  new  vistas  in  the  field  of  growth  and 
permeability.  An  additional  layer  of  wood  is  added  to  the  trunk  of  trees  of 
the  common  type  during  the  summer  or  rainy  season.  The  dendrographic 
record  of  such  growth  also  shows  variations  by  which  the  trunk  shrinks  during 
the  daytime  or  in  the  period  in  which  loss  of  water  from  the  leaves  is  greatest. 

Trunks  and  stems  of  cacti  also  shrink  or  show  a  lessened  growth  at  the  time 
of  greatest  loss  of  water.  This  takes  place  at  night,  as  the  stomata  of  these 
plants  close  in  the  daytime.  Consequently  the  trunk  of  the  saguaro  (Carnegiea 
gigantea)  expands  in  the  daytime  and  shrinks  at  night,  in  direct  contrast  with 
the  behavior  of  the  oak,  pine,  walnut,  redwood,  ash,  willow  and  other  trees. 

The  woody  cylinder  of  the  tree  cactus  is  surrounded  by  a  layer  of  thin- 
walled  cortical  which  constitute  a  relatively  enormous  storage  layer  for  water. 
Loss  of  water  from  this  layer  may  take  place  through  the  entire  summer  in 
such  manner  that  the  trunk  may  be  smaller  at  the  end  of  the  season  than  at 
the  beginning. 

Some  growth  in  the  inner  layers  near  the  wood  might  occur  during  the 
shrinkage,  but  the  increasing  concentration  of  the  sap  and  higher  acidity 
would  retard  or  inhibit  the  formation  and  distention  of  new  cells. 

Changes  with  Age  of  Long-lived  Cells,  by  D.  T.  MacDougal 

Some  features  of  cells  of  the  medulla  of  the  tree  cactus  of  Arizona  which 
attain  an  age  of  a  century  or  more  were  described  in  the  last  annual  report. 
Such  cells  were  found  to  grow  or  distend,  and  to  retain  the  capacity  of  dividing 
and  forming  new  cells  during  this  long  period. 

Observations  have  been  extended  to  the  "barrel  cactus"  (Ferocactus),  the 
trunk  of  which  attains  a  length  of  1  to  2  meters  and  a  thickness  of  one-third 
the  length.  The  general  plan  of  the  tissues  is  much  like  that  of  the  tree  cactus. 
A  central  medulla  or  pith  is  enclosed  in  a  thin  shell  of  woody  fascicles,  sur- 
rounded by  the  cortex  which  has  a  thickness  of  about  one-fourth  the  diameter 
of  the  thick  succulent  trunk. 


LABORATORY  FOR  PLANT  PHYSIOLOGY  153 

The  cells  of  the  medulla  continue  to  enlarge  for  about  ten  years,  and  then 
live  for  perhaps  a  century  more  without  changes  in  form  or  volume  caused  by 
compression  from  other  cell-masses. 

The  cells  of  the  cortex  grow  for  about  ten  years  at  a  comparatively  rapid 
rate  increasing  the  area  of  their  cross-section  about  40  times  in  this  period. 
A  slow  distention  during  the  remainder  of  the  century  doubles  the  diameter  of 
the  cells.  Capacity  for  forming  new  cells  is  lost  by  the  cells  of  both  medulla 
and  cortex  at  the  end  of  the  initial  growing  period.  The  mucilages  and  other 
carbohydrates  decrease  with  age  in  both  types  of  cells.  This  is  accompanied 
by  thickening  of  the  cell  walls  of  the  medulla,  formation  of  crystals  and  an 
increase  in  dry  weight.  An  actual  oxidation  or  breaking  down  of  the  mu- 
cilages appears  to  take  place  in  cortical  cells,  the  walls  of  old  cells  being  thin- 
ner than  in  young  cells.  Although  some  crystals  are  found,  no  noticeable 
increase  of  a  dry  weight  is  found. 

Cells  of  the  medulla  show  a  relatively  high  permeability.  Variations  in 
immersion  solutions  in  either  direction  from  the  neutral  point  result  in 
lessened  permeability  and  increased  swelling.  The  maxima  were  found  at 
pH  2-3  and  pH  10-11.  The  lowest  permeability  and  highest  distention  of 
cortical  cells  were  found  at  pH  3  and  pH  10.  These  distinctions  became 
blurred  with  age. 

The  least  variation  with  age  was  found  in  the  lipoids  or  fatty  substances 
of  the  cells. 

Further  Studies  on  the  Structure  and  Composition  of  Old  Cells  of  Carnegiea, 

by  J.  B.  Overton 

Some  features  of  the  cells  of  the  medulla  of  the  giant  cactus  (Carnegia 
gigantea),  in  which  the  cells  are  alive  and  active  for  over  a  century,  have 
already  been  described  by  MacDougal.1  Material  has  been  fixed  for  an 
extensive  and  detailed  study  of  the  cytological  features  which  these  medullary 
cells  show  during  the  long  period  of  their  existence.  Preparations  have  been 
made  including  cells  from  the  apex  to  the  base  of  the  medulla.  This  material 
is  to  be  used  for  a  minute  study  of  the  structure  of  the  walls,  protoplasmic 
and  nuclear  structure  and  behavior  incident  with  ageing  of  such  cells.  It  may 
again  be  affirmed  that  these  old  cells  still  retain  their  merismatic  character, 
but  that  division  takes  place  but  rarely  after  the  first  season  of  growth,  except 
in  connection  with  the  formation  of  vascular  tissue.  From  a  preliminary 
study  of  the  cytological  material  it  appears  that  the  more  solid  components 
of  the  cells,  especially  carbohydrates,  are  depleted  with  age  of  the  cell  in  the 
formation  of  cell  walls,  which  become  very  thick,  laminated  and  pitted  in 
older  cells.  In  the  younger  cells  the  cytoplasm  is  dense  and  granulated  with 
few  vacuoles.  In  the  older  and  much  enlarged  cells  the  slimy  portion  of  the 
cytoplasm  seems  to  have  decreased  in  amount.  It  is  much  vacuolated,  and 
appears  in  granular  strands  running  across  the  cell  and  about  the  periphery. 
In  young  cells  the  nucleus  is  comparatively  large  while  it  is  comparatively 
small  in  the  older  and  larger  cells.  The  nucleus  has  not  apparently  changed 
in  structure,  form,  or  size  with  age,  but  appears  smaller  on  account  of  the 
large  size  of  the  cell.    Although  the  cells  retain  their  merismatic  character,  as 

1  D.  T.  MacDougal.      Growth  and  permeability  of  century-old  cells.     Amer.  Nat.,  60,  393-415 
(1926). 
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yet  no  mitotic  divisions  have  been  seen  in  the  older  cells.  Except  for  differ- 
ences in  the  thickness  and  structure  of  the  walls,  and  great  vacuolation  of 
cytoplasm  there  seems  to  be  no  very  great  cytological  differentation  between 
the  young  and  old  cells,  but  further  study  may  reveal  other  changes. 

In  a  previous  study 1  it  was  suspected  that  clumps  of  crystals  occurring  in 
the  older  cells  were  crystals  of  silica.  Since  then  an  isolation  and  a  detailed 
qualitative  and  quantitative  chemical  analysis  of  these  crystals  has  been 
made  by  Dr.  V.  W.  Meloche  of  the  University  of  Wisconsin.  The  result  of 
this  analysis  shows  that  the  crystals  are  essentially  calcium  oxylate, 
trihydrate:  Calcium,  23.60  per  cent;  C204,  51.73  percent;  H20,  23.40  per 
cent.  The  results  are  a  little  short  of  100  per  cent;  but  the  discrepancy 
is  probably  due  to  occluded  organic  matter  in  the  clumps  of  crystals,  such 
as  other  plant  acids  or  pentosans,  as  well  as  to  a  slight  variation  in  water 
content.  Traces  of  potassium  were  present  in  some  cases.  The  apparent 
reason  that  the  older  cells  contain  more  and  larger  crystals  is  not  because 
they  possess  a  greater  power  of  forming  crystals  but  because  they  are  closer 
to  the  calcium  supply.  That  young  cells  also  possess  a  like  power  of  forming 
calcium  oxylate  crystals  is  evidenced  by  the  fact  that  in  very  young  plants  of 
this  species  crystals  occur  in  the  apical  cells  as  well  as  in  the  basal  cells  of 
the  medulla. 

Role  of  Lipoids  in  Permeability,  by  D.  T.  MacDougal  and  Vladimir  Moravek 

A  cell  constructed  of  the  colloidal  materials  present  in  protoplasm  and  its 
enclosing  membranes,  designed  by  the  senior  author  in  1922,  has  been  used 
extensively  in  the  measurement  of  the  passage  of  water,  electrolytes  and 
organic  substances  through  layers  of  biocolloids. 

In  all  previous  experiments  it  had  been  possible  to  include  only  lipoids  of 
the  lecithin  type  in  the  system  of  watery  jellies  included  in  the  artificial  cell. 
These  substances  contain  fatty  acids  of  the  unsaturated  series  (nitrogen  and 
phosphorus) .  may  form  compounds  with  many  metallic  salts,  and  form  com- 
binations with  carbohydrates  and  proteins.2 

Lecithin  is  invariably  associated  with  cholesterol  in  the  protoplasm  of 
plants.  The  fatty  acid  chains  of  lecithin  spread  out,  making  a  layer  one 
molecule  in  thickness  on  a  watery  surface.  When  cholesterol  is  added  the 
fatty  acid  chains  are  packed  more  closely.  It  is  to  this  interaction  that  the 
effects  noted  below  may  be  ascribed. 

A  method  of  dissolving  cholesterol,  which  is  not  water-soluble,  in  lecithin 
and  incorporating  the  liquid  in  jellies  was  perfected  so  that  colloidal  cells  were 
made  with  lipoid  films  through  which  both  oils  and  watery  solutions  might 
pass. 

Constructed  cells  including  the  lecithin-cholesterol  mixture  showed  the 
increasing  endosmatic  series  sodium  <  potassium  <  calcium  in  the  chlorides, 
and  other  variations  in  permeability  parallel  to  those  of  living  cells. 

The  most  striking  result,  however,  was  that  by  which  artificial  cells  filled 
with  sugar  solution  maintained  their  acidity  when  immersed  in  a  wide  range 
of  acidity  or  alkalinity.  This  stabilization  was  so  complete  that  no  change 
in  the  pH  of  the  cell-contents  greater  than  0.25  was  found  in  cells  immersed 

1  MacDougal.     loc.  cit. 

2  H.  and  Ida  S.  MacLean.     Lecithin  and  allied  substances:  the  lipins.     Ed.  of  1927.      London. 
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in  solutions  as  acid  as  pH  3.05  and  as  alkaline  as  pH  8.2.  This  stabilization 
is  taken  to  rest  on  the  fact  that  the  cholesterol  component  is  saturated  as  to 
OH  and  repels  these  hydroxyl  ions,  while  absorbing  H  and  transmitting  the 
hydrogen  ions.  Lecithin  has  a  complementary  action,  absorbing  and  holding 
OH  ions  and  retarding  the  passage  of  H  ions.  A  layer  is  thus  formed  highly 
impermeable  to  H,  OH  ions  but  more  permeable  to  ions  of  the  common  metals.1 

The  General  Physiological  Action  of  Thyroid  and  Related  Substances  on  a 
Simple  Protoplasm,  by  R.  M.  Fraps 

The  problem  of  the  comparative  action  of  the  thyroid  hormone,  physi- 
ologically related  compounds,  and  the  elements  entering  into  the  constitution 
of  the  thyroid  molecule — particularly  iodine  and  the  iodides— from  the  stand- 
point of  the  general  plrysiology  of  a  relatively  simple  protoplasmic  system, 
constitutes  the  subject  of  the  investigations  now  in  progress.  In  accord 
with  the  research  program  of  the  Zoological  Laboratories  of  the  University  of 
Chicago,  where  this  work  was  begun  at  the  suggestion  of  Dr.  C.  M.  Child,  a 
correlative  and  to  a  degree  inseparable  phase  of  the  problem  is  that  of  the 
reaction  of  simple  protoplasmic  systems  to  specific  environmental  factors. 

During  the  past  year  methods  have  been  completed  and  experimental 
conditions  have  been  denned.     The  work  on  methods  has  covered: 

1.  Application  of  the  manometric  method  of  Warburg  to  the  simultaneous 
determination  of  oxygen  consumption  and  carbon  dioxide  production  in 
Planaria  dorotocephala.  Preliminary  experiments  with  Planaria  showed  that 
the  material  could  not  be  used  free  in  manometer  chambers;  a  protective 
retainer  has  been  devised  which  has  made  possible  the  use  of  this  material 
and  similar  free  mobile  forms  in  the  manometer. 

2.  Shaking  mechanism  and  constant  temperature  oil  bath  for  man- 
ometers.    Temperature  regulation  is  accurate  to  0.01°  C. 

3.  Methods  for  the  maintenance  of  constant  experimental  conditions  over 
a  period  of  two  weeks  in  regeneration  experiments. 

Experimental  conditions  have  been  denned  for: 

1.  Oxygen  tension. 

2.  Carbon-dioxide  tension. 

3.  Concentration  of  salts. 

4.  Hydrogen  ion  concentration,  using  the  C02-Bicarbonate  balance  as 

described  by  Warburg  for  vertebrate  tissue  sections. 

5.  Bicarbonate  concentration  at  constant  hydrogen  ion  concentration. 

6.  Temperature  relations. 

7.  Glucose  concentration. 

The  experimental  data  at  present  are  not  sufficient  to  warrant  publication 
of  definite  conclusions.  Certain  important  results  are  indicated,  however, 
which  point  toward  a  clearer  conception  of  Child's  Gradient  Hypothesis  in 
physical-chemical  terms  than  is  now  the  case. 

1  MacDougal  and  Moravek,  The  activities  of  a  constructed  colloidal  cell,  Protoplasm,  2, 
161-188  (1927). 
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PHOTOSYNTHESIS  AND  METABOLISM 

Preparation   and  Properties  of  Leaf  Pigments — 1.  Carotin,  by  H.  A. 
Spoehr,  James  H.  C.  Smith  and  William  G.  Young 

In  the  course  of  the  investigations  of  photosynthesis  in  plants  it  has  become 
clearly  evident  that  more  precise  knowledge  of  the  cell  constituents  is  a  pre- 
requisite to  an  understanding  of  the  processes  concerned.  This  applies  also 
to  the  pigments  of  the  chloroplasts,  for  although  these  pigments  have  been  the 
subject  of  many  investigations,  little  is  known  of  their  fundamental  physical 
and  chemical  properties.  The  amount  of  these  pigments  contained  in  plants 
is  relatively  small.  This,  together  with  the  unavoidable  losses  incurred  in 
the  processes  of  purification,  necessitates  the  handling  of  very  large  amounts 
of  plant  material  in  order  to  obtain  sufficient  pure  pigment  to  carry  out  the 
desired  physical  and  chemical  investigations.  For  example,  100  kilos  of 
fresh  carrots  may  yield  7.04  grams  of  carotin,  but,  in  order  to  obtain  a  product 
of  the  highest  purity,  procedures  must  be  followed  which  yield  only  about  2 
grams  of  the  best  product.  This  has  necessitated  the  devising  and  con- 
struction of  special  equipment  for  handling  large  quantities  of  plant  material 
on  a  small  factory  scale  and  has  entailed  much  preliminary  research  and 
testing. 

A  dehydrator  of  about  50  pounds  capacity  has  been  constructed  and  has 
given  very  satisfactory  service.  It  has  been  found  that  with  material  such  as 
carrots,  substantially  larger  yields  of  carotin  can  be  obtained  if  the  sliced 
material  is  subjected  to  a  dialysis  or  diffusion  treatment  with  warm  water 
previous  to  drying.  Thereby  not  only  is  considerable  time  saved  in  the 
drying  process,  but  subsequent  steps  in  the  preparation  of  the  material  are 
made  easier,  there  is  less  bulk  to  handle  and  the  extraction  is  greatly  facilitated. 
The  machinery  for  slicing,  grinding  and  pulverizing  has  also  materially  in- 
creased the  facilities  for  obtaining  these  substances.  As  this  work  necessitates 
the  handling  of  relatively  large  quantities  of  highly  inflammable  solvents  it 
has  been  carried  out  in  an  isolated  temporary  structure. 

Thus  far  special  attention  has  been  devoted  to  the  preparation  of  carotin. 
The  methods  of  purification  have  been  based  principally  upon  saponification 
with  methyl  alcoholic  potassium  hydroxide,  recrystallization  from  various 
solvents  and  precipitation  through  the  slow  mixing  of  alcohol  and  chloroform. 
Large  crystals  of  carotin  have  thus  been  obtained  which  show  a  melting  point 
as  high  as  178.4°  C.  Carotin  has  also  been  prepared  from  the  leaves  of 
various  species,  including  spinach,  carrots,  clover  and  sunflower.  Thus  far 
no  differences  have  been  discovered  in  the  physical  or  chemical  properties  in 
the  carotin  from  these  different  sources. 

Before  any  further  chemical  investigations  could  be  undertaken  it  has  been 
found  essential  to  determine  definitely  the  molecular  weight  of  carotin.  This 
has  been  found  to  vary  with  the  temperature  at  which  it  is  determined. 
Thus,  with  the  cryoscopic  method  in  benzene  a  value  of  1023  was  obtained;  by 
the  Menzies  method  in  carbon  bisulphide  719,  in  chloroform  585;  by  a 
modification  of  Rast's  micro-method  in  camphor  (to  be  described  here  below) 
a  value  of  416  was  obtained.  This  variation  in  the  molecular  weight  of 
carotin  depending  upon  the  temperature  at  which  it  is  determined  suggests 
that  we  are  dealing  with  a  case  of  association.     An  examination  of  the  results 
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of  combustion  analysis  for  the  carbon  hydrogen  ratio,  in  the  light  of  these 
results,  suggests  that  the  empirical  formula  commonly  ascribed  to  carotin, 
C40H56,  is  also  open  to  revision.  Until  these  fundamental  chemical  and 
physical  constants  are  definitely  established,  it  will  be  impossible  to  proceed 
further  with  the  chemical,  spectral  and  physiological  investigations. 

Some  work  has  been  done  on  the  oxidation  of  carotin.  Although  this 
presents  an  exceedingly  complex  system,  the  results  obtained  thus  far  indicate 
that  the  number  of  mols  of  oxygen  absorbed  is  an  integral  number  for  both 
the  commonly  accepted  molecular  weight,  536,  as  well  as  for  the  molecular 
weight  determined  in  this  laboratory  by  Rast's  method,  viz,  416.  The  molar 
value  for  the  former  value  is  approximately  4  and  for  the  latter  3.  The  curve 
for  the  rate  of  oxidation  of  carotin  suggests  that  there  are  three  stages  in  the 
reaction,  apparently  corresponding  to  the  three  mols  of  oxygen  which  are 
taken  up  (assuming  the  molecular  weight  of  416).  This  would  imply  three 
stages  in  the  oxidative  process  and  that  the  three  mols  of  oxygen  are  taken 
on  in  as  many  consecutive  reactions.  There  is  an  initial  reaction  which  ap- 
parently must  take  place  before  the  following  reactions  can  occur. 

A  series  of  experiments  has  been  carried  out  to  determine  whether  formal- 
dehyde is  formed  by  the  photo-oxidation  of  carotin  in  a  stream  of  pure  oxygen 
(theory  of  Ewart) .  Neither  dry  nor  moist  oxygen  in  glass  or  quartz  apparatus 
exposed  to  sunlight  24  to  48  hours  gave  positive  reactions  for  formaldehyde. 

Modification  of  Rast's  Method  for  Molecular   Weight  Determinations, 
by  James  H.  C.  Smith  and  William  G.  Young 

In  order  to  determine  molecular  weights  when  only  small  amounts  of  mate- 
rial are  available,  as  in  the  case  of  the  leaf  pigments,  a  modification  of  Rast's 
method  has  been  effected  which  has  given  very  satisfactory  results.  In  this 
method  camphor,  which  has  a  molecular  freezing  point  lowering  of  39.7°,  is 
used  as  a  solvent.  The  determination  of  the  depression  of  the  freezing  point 
by  the  solute  is  carried  out  in  sealed  melting-point  tubes  in  an  insulated  bath 
of  para  wax  or  glycerine.  Because  of  the  large  freezing-point  depressions,  a 
mercurial  thermometer,  graduated  in  tenth-degree  divisions,  can  be  used. 
As  in  all  micro-chemical  methods,  success  depends  upon  the  careful  execution 
of  a  special  technique  which  can  not  be  detailed  here.  Freezing  points  and 
melting  points  are  taken  alternately,  until  a  series  of  concordant  readings  are 
obtained  which  are  then  averaged.  With  a  lowering  of  about  20°  an  accuracy 
of  about  1  per  cent  in  the  readings  is  obtained.  With  0.02  to  0.04  grams  of 
camphor  and  about  one-tenth  this  amount  of  the  substance,  the  molecular 
weight  of  which  was  to  be  determined,  results  which  are  more  accurate  than 
the  usual  macro-chemical  methods  were  obtained  with  a  variety  of  organic 
compounds.  Naturally,  the  method  is  limited  in  use  to  those  substances 
which  are  soluble  in  camphor.  Also,  it  has  been  found  that  organic  acids 
show  considerable  abnormality,  probably  due  to  association.  A  considerable 
number  of  other  organic  substances  have  been  studied  in  order  to  find  other 
solvents  besides  camphor.  However,  none  of  these  substances  have  been  as 
satisfactory,  either  because  of  insufficient  molecular  freezing-point  depression, 
of  super-cooling,  low  solvent  powers  or  because  of  other  undesirable  properties. 

Obviously  the  accuracy  of  the  method  depends  upon  the  correct  value  of 
the  cryoscopic  constant  of  camphor.     Rast  has  given  the  value  of  39.7°  for 
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this,  but  other  values  at  variance  with  this  have  been  found  in  the  literature. 
Consequently  it  was  important  to  establish  a  correct  value.  The  only  means 
available  at  present  for  determining  this  constant  is  through  calculation  from 
other  data,  i.e.,  either  from  cryoscopic  systems  which  behave  normally  or 
from  the  thermodynamic  equation  involving  the  latent  heat  of  fusion. 
Hulett *  has  determined  the  latent  heat  of  fusion  from  the  rate  of  change  of 
freezing  point  with  pressure  to  be  9.4  cal/gm.  Moreover,  the  data  of  the 
cryoscopic  system  camphor-menthol  given  by  Landoldt-Boernstein-Roth2 
when  calculated  on  the  basis  of  the  thermodynamic  equation  give  an  average 
value  of  the  latent  heat  of  fusion  of  9.38  cal/gm.  For  comparison,  the  latent 
heat  of  fusion  calculated  from  the  cryoscopic  constant  39.7°  is  8.95  cal/gm. 
These  values  arrived  at  through  the  use  of  widely  different  methods  together 
with  the  fact  that  the  value  39.7°  gave  excellent  results  for  molecular  weight 
determinations  of  a  variety  of  known  substances  lends  justification  to  the 
use  of  the  value  of  the  cryoscopic  constant  of  camphor  given. 

Transformations  of  Carbohydrates  in  Plants — Conversion  of  Starch 
into  Sucrose,  by  H.  A.  Spoehr  and  William  Newton 

The  attempts  which  have  been  made  to  determine  through  chemical  analysis 
what  is  the  first  carbohydrate  formed  in  the  photosynthetic  process  have  not 
yielded  results  of  a  definite  nature.  This  is  due  to  the  fact  that  in  the  leaf 
carbohydrates  undergo  transformations  quite  independently  of  photo- 
synthesis. In  fact  in  the  leaf  these  transformations  are  so  complex  that 
it  is  impossible  to  unravel  the  complex  of  reactions.  The  carbohydrates 
principally  concerned  are  glucose,  fructose,  sucrose,  maltose  and  starch. 
The  chief  difficulty  has  been  to  explain  the  conversion  of  starch  into 
sucrose.  A  similar  conversion  has  long  been  known  to  occur  in  potato 
tubers.  When  the  latter  are  kept  at  low  temperatures,  at  40°,  or  are  dried 
slowly  at  35°  to  40°,  sucrose  is  formed.  The  potato  has  been  studied  because 
it  offers  a  much  simpler  system  than  do  leaves;  it  is  composed  principally  of 
starch,  a  glucose  anhydride,  which  in  this  process  is  converted  into  sucrose, 
composed  of  one  molecule  of  glucose  and  one  of  fructose.  It  appeared,  there- 
fore, that  in  the  plant  glucose  can  be  converted  into  fructose  and  that  the 
latter  may  unite  with  glucose  to  form  sucrose.  This  would  involve  the 
following  reactions: 

Starch  >   Glucose >   Glucose + Fructose  — >   Sucrose 

(enzyme  I)         (enzyme  II)  (enzyme  III) 

Experiments  have  been  conducted  to  determine  whether  such  a  series  of 
reactions  actually  occurs  in  the  potato.  The  experiments  have  been  carried 
out  under  a  wide  variety  of  conditions.  From  these  it  must  be  concluded 
that  the  reactions  given  do  not  represent  the  course  of  the  carbohydrate 
transformations.  Although  the  potato  contains  at  times  an  appreciable 
amount  of  hexoses,  this  consists  principally  of  glucose,  while  the  presence  of 
fructose  is  very  doubtful.  Various  attempts  to  effect  a  conversion  of  glucose 
into  fructose  through  sterile  potato  juice  and  through  different  alcoholic 
precipitates  obtained  from  the  juice  gave  only  negative  results.     The  experi- 

1  Hulett,  C.  A.,  Zeit.  physik.  chem.  28,  629   (1898). 

2  Landoldt-Boernstein-Roth,  Tabellen.  3d  Edition,  543  (1912). 
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ments  thus  far  carried  out  indicate  that  sucrose  is  formed  directly  from  starch, 
at  least  without  the  intermediate  formation  of  glucose.  Although  it  is 
exceedingly  difficult  to  reconcile  such  a  view  with  present  conceptions  of  the 
constitution  of  starch,  the  experimental  evidence  obtained  thus  far  permits 
of  no  other  interpretation. 

STUDIES  IN  ATMOSPHERIC  OXIDATION 

IV.  The  Oxidation  of  Sodium  Formate  with  Atmospheric  Oxygen, 
by  William  G.   Young 

Earlier  investigations  on  the  atomospheric  oxidation  of  sodium  formate  in  the 
presence  of  sodium  ferropyrophosphate  (Year  Book  No.  24,  p.  157)  produced 
evidence  that  the  mechanism  of  the  reaction  was  neither  one  of  dehydrogena- 
tion  such  as  the  Weiland  reaction,  nor  one  of  catalysis,  but  that  it  was  one  of 
autoxidation  with  moloxide  formation  which  depended  on  the  amount  of 
ferrous  iron  present.  There  was  also  evidence  that  the  only  oxidation  prod- 
ucts of  the  reaction  were  carbon  dioxide  and  water,  and  that  the  temperature 
coefficient  for  the  formate  oxidation  was  probably  very  high. 

In  order  to  confirm  this  evidence  several  oxidations  were  made  at  constant 
temperature,  using  a  constant  concentration  of  sodium  formate,  with  varying 
concentrations  of  ferrous  iron.  From  the  data  thus  obtained  a  curve  was 
plotted  showing  the  effect  of  increased  ferrous-iron  concentration  on  the 
oxidation  of  sodium  formate.  The  curve  was  not  a  straight-line  function  of 
the  ferrous-iron  content,  but  had  a  decided  bend  at  higher  iron  concentrations. 
This  was  expected,  however,  since  there  are  two  inorganic  oxidations  also 
involved.  An  attempt  was  made  to  develop  mathematical  relationships 
between  the  rates  of  oxidation  of  the  various  substances,  but  considerable 
difficulty  was  experienced  since  it  involved  a  mono-molecular,  a  quadra- 
molecular  and  a  penta-molecular  reaction. 

The  temperature  coefficient  of  the  formate  oxidation  was  investigated  by 
holding  the  concentration  of  all  of  the  materials  constant  and  varying  the 
temperature  from  0°  to  36°.  The  values  are  also  dependent  upon  the  solution 
of  the  aforementioned  mathematical  relationships. 

The  sodium  formate  was  quantitively  accounted  for  as  carbon  dioxide  or 
unused  formate,  thus  excluding  the  possibility  of  other  oxidation  products 
being  formed. 

THE  HYDROSTATICS  OF  TREES 

Additional  Observations  on  Stem  Anatomy  and  Sap  Conduction,  by  J.  B.  Overton 

and  G.  M.  Smith 

The  results  of  some  preliminary  studies  on  the  relation  of  the  living  cells 
of  the  stem  to  the  path  of  transfer  of  water  in  the  willow  and  walnut  have 
already  been  published, 1  together  with  a  description  of  the  methods  and 
experiments  used.  The  experiments  show  that,  although  conduction  is 
strictly  in  the  xylem,  differences  in  the  age  and  amount  of  the  wood  affects  its 
conducting  capacity. 

1  J.  B.  Overton,  Stem  anatomy  and  sap  conduction,  Carnegie  Inst.  Wash.  Year  Book  No. 
25,  pp.  155-158  (1927). 

D.  T.  MacDougal  and  J.  B.  Overton,  Sap  flow  and  pressure  in  trees,  Science,  n.s.,  65,  189- 
190  (1927). 
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These  observations  were  based  upon  sections  of  freshly  cut  water-saturated 
wood,  immediately  after  removal  from  the  acid  fuchsin,  a  method  which  may 
perhaps  lead  to  erroneous  conclusions  because  of  the  oozing  out  and  spreading 
of  the  dye  on  the  freshly  cut  surface.  This  experimental  error  has  been  over- 
come by  allowing  the  treated  stems  to  dry  out  for  a  year,  sectioning  without 
moistening  and  mounting  the  sections  in  parafin  oil,  a  medium  in  which  the 
dye  is  insoluble.  As  was  previously  published,  sections  of  the  willow  show 
that  practically  all  the  annual  layers  retain  their  power  to  conduct,  but  that 
the  individual  conducting  elements  of  the  xylem  possess  unequal  conducting 
capacities,  conduction  being  mainly  in  the  late  summer  wood  of  any  annual 
layer  near  the  terminal  parenchyma.  There  is  also  a  zonation  of  the  dye  in 
the  walnut,  the  dye  traveling  chiefly  in  the  late  summer  wood  and  in  the 
portion  of  the  spring  wood  immediately  outside. 

The  zonation  of  the  dye  in  both  species  was  explained  by  the  presence  of 
tyloses  in  spring  wood  of  the  current  or  of  the  previous  year  at  all  levels  from 
the  apex  to  the  base  of  the  tree.  These  conclusions  were  based  on  studies  of 
young  branches.  A  further  topographical  survey  based  on  a  series  of  sections 
cut  at  various  levels  of  a  twelve-year  old  walnut  stem  shows  that  for  the  first 
three  or  four  years  there  is  a  tylosing  of  vessels  in  the  spring  wood  of  the 
current  or  of  the  previous  year.  Stems  four  or  five  years  old  have  no  tyloses 
in  the  two  outer  annual  layers.  At  lower  levels  on  the  stem  the  number  of 
untylosed  annual  layers  is  greater  and  becomes  progressively  larger  toward 
the  base  of  the  tree.  At  the  twelve-year  level,  for  example,  there  are  tyloses 
in  the  first  seven  annual  layers  and  no  tyloses  in  the  last  five  layers.  There- 
fore, in  the  walnut,  zonation  can  not  be  ascribed  exclusively  to  tylosing  of  the 
spring  wood  in  recently  formed  annual  layers  of  the  older  parts  of  the  stem. 
The  causes  of  such  stoppage  of  conduction  in  early  summer  wood  are  being 
sought  for  in  the  vertical  distribution  of  tyloses  in  the  vessels. 

Formation  of  Tyloses  in  Amputated  Stems,  by  Gilbert  M.  Smith 

Botanists  have  long  been  familiar  with  the  fact  that  amputation  of  branches 
stimulates  a  precocious  development  of  tyloses  in  the  alburnum  of  many 
woody  plants  and  that  all  vessels  immediately  below  the  cut  surface  become 
occluded  by  tyloses.  Studies  on  amputated  twigs  by  Klein l  show  that  the 
stimulus  leading  to  their  formation  is  not  the  wounding  but  the  stoppage  on 
the  transpiration  stream. 

Observations  on  stumps  of  Salix  and  Juglans,  amputated  in  the  summer  of 
1926,  show  that  there  is  the  usual  tylosing  of  exposed  vessels.  As  is  well 
known,  this  tylosing  results  from  the  enlargement  of  closing  membranes  of 
half-bordered  pits  separating  vessels  and  wood  parenchyma  or  wood  ray 
cells.  Since  the  only  parenchymatous  cells  abutting  on  vessels  of  Salix  are 
those  of  the  rays,  one  might  expect  that  there  would  be  less  tylosing  than  in 
Juglans,  where  each  vessel  is  ensheathed  by  a  layer  of  wood  parenchyma. 
This  is  not  the  case  and  vessels  of  the  same  diameter  appear  to  have  approxi- 
mately the  same  number  of  tyloses  in  the  two  genera. 

Topographical  anatomical  surveys  of  these  stumps  a  year  after  amputation 
show  that  there  is  a  correlation  between  the  movement  of  the  transpiration 
stream  and  the  development  of  tyloses  after  amputation.     This  correlation  is 

1  G.  Klein,  Zur  Atiology  der  Thyllen,  Zeitschr.  f.  Bot.,  15,  416-439  (1923). 
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found  both  in  stumps  bearing  branches  below  the  plane  of  amputation  and  in 
those  bearing  no  branches,  but  developing  shoots  from  adventitious  buds  after 
amputation.  In  both  cases  the  stumps  show  tylosing  of  all  annual  incre- 
ments down  to  the  level  at  which  there  is  a  transpiring  branch.  At  this 
level  there  is  not  a  uniform  tylosing  of  the  outer  growth  rings.  A  sectorial 
analysis  of  a  stump  of  Juglans  californica,  bearing  adventitious  shoots  of  the 
current  year,  shows  tylosing  of  spring  wood  only  in  sectors  facing  the  shoots, 
and  complete  tylosing  of  all  annual  increments  on  the  opposite  side  of  the 
stump. 

An  amputated  horizontal  nine-year  old  branch  of  Juglans  major  showed, 
immediately  behind  the  cut  surface,  a  complete  tylosing  of  all  annual  incre- 
ments. This  horizontal  branch  bore  an  erect  five-year  old  branch  a  short 
distance  back  from  the  plane  of  amputation.  Posterior  to  this  vertical 
branch  the  horizontal  branch  has  no  tyloses  on  the  upper  side  of  the  last  four 
annual  increments,  but  complete  tylosing  on  the  lower  side  of  these  increments. 
Experiments  on  transport  of  acid  fuchsin  under  suction  from  side  branches 
only  show  that  the  dye  moves  through  one  side  of  the  main  stem.  Com- 
parisons of  cross-sections  of  such  stems  with  cross- sections  of  amputated 
branches  show  that  there  is  a  very  close  correlation  between  the  pattern  of 
the  dye,  that  is,  the  path  of  the  transpiration  stream  and  that  of  the  un- 
tylosed  area. 

Experiments  with  sealed  ends  of  Juglans  branches  do  not  confirm  Klein's 
observations  that  hermetical  sealing  of  amputated  branches  prevents  the 
formation  of  tyloses  below  the  cut  surface. 

Exudation  and  "Root  Pressures,"  by  J.  B.  Overton 

In  stating  the  results  of  previous  work,  l  on  manometric  measurements 
it  has  been  pointed  out  that  the  positive  or  exudation  pressures  found  in  bore- 
holes driven  into  the  central  or  older  wood  are  ascribable  in  part  to  expansion 
of  the  enclosed  gas-body  brought  about  by  rise  in  temperature,  and  that  the 
sources  of  positive  pressures  seem  separable  from  the  positive  pressures 
("root-pressures")  shown  by  stumps  of  stems  and  roots,  for  which  no  adequate 
explanation  seems  apparent.  Defoliation  experiments  on  small  trees  con- 
taining a  small  total  gas-body  have  been  continued  so  that  the  tension  on  the 
water-columns  may  be  diminished  or  removed,  and  the  effect  of  water  in  the 
soil  in  contact  with  the  roots  observed.  As  previously  stated,  the  amount  of 
moisture  present  about  the  roots  of  such  plants  affects  to  a  certain  degree  the 
suction  or  pressures  manifest  by  manometers  attached  to  branches,  irre- 
spective of  temperature  changes.  However,  we  are  unable  to  ascribe  all 
these  variations  in  pressures  in  manometers  to  the  activity  of  the  roots.  As 
previously  stated  2  a  slight  exudation  pressure  may  be  shown  in  manometers 
attached  to  stumps  of  small  trees,  when  profusely  irrigated.  Positive 
pressure  is  always  followed  after  a  time  by  a  marked  suction,  the  variations 
being  somewhat  coincident  with  temperatures.     It  appears  that  such  varia- 

1  J.  B.  Overton,  Exudation  and  "root  pressures,"  Carnegie  Inst.  Wash.  Year  Book  No. 
25,  pp.  162-165  (1925-26). 

D.  T.  MacDougal  and  J.  B.  Overton,  Sap  flow  and  pressures  in  trees,  Science,  n.  s.,  65, 
189-190  (1927). 

D.  T.  MacDougal,  The  hydrostatic  system  of  trees.  Pub.  No.  373.     Carnegie  Inst.  Wash.  (1926). 

2  J.  B.  Overton,  loc.  cit. 


162  CARNEGIE    INSTITUTION    OF    WASHINGTON 

tions  in  pressures  depend  not  only  on  the  amount  of  water  in  contact  with  the 
roots  and  temperature  variations  but  also  upon  the  amount  of  the  plant  left 
for  experiment.  When  two  small  three-year  old  walnut  trees  having  approxi- 
mately the  same  sized  stems  (2.5  cm.  in  diameter  at  the  base  and  about  1.5 
in.  high)  are  decapitated,  one  11  cm.  and  the  other  90  cm.  above  the  soil, 
both  being  profusely  irrigated,  the  short  stump  at  first  shows  a  slight  pressure 
and  then  a  marked  suction,  while  the  longer  stump  always  shows  a  marked 
suction.  The  stems  were  greased  to  prevent  lenticellular  evaporation.  Both 
these  plants  eventually  showed  a  greater  suction  than  is  manifested  by  similar 
but  defoliated  ones  or  even  similar  plants  with  the  leaves  attached.  It 
would  seem  from  these  experiments  that  the  manometric  variation  shown  by 
stumps  are  not  ascribable  entirely  to  the  activity  of  living  cells  of  the  root  or 
to  cells  in  the  neighborhood  of  the  wound,  or  to  changes  in  the  hydrostatic 
system  caused  by  transpiration  and  evaporation  from  the  lenticels,  or  expan- 
sion and  contraction  of  the  enclosed  gas-body.  It  would  seem  that  the  suc- 
tions shown  in  the  manometer  is  largely  due  to  hydration  of  the  tissues  and 
their  constituents. 

MacDougal x  has  pointed  out  that  complete  defoliation  of  small  pine  trees 
in  August  show  a  continuous  swelling  of  the  trunk  for  a  period  of  ten  days, 
the  swelling  gradually  falling  off  as  the  season  advances.  Water  is  absorbed 
from  manometers  attached  to  bore-holes  of  defoliated  pine  trees,  but  the 
"negative"  or  suction  pressures  fall  off  as  the  season  advances  and  a  water 
deficit  both  in  the  soil  and  trunk  increases.  It  is  evident  that  the  amount  of 
available  water  in  the  soil  affects  the  phenomena  of  swelling  and  consequent 
manometric  measurements.  It  would  seem  that  hydration  of  plasmic 
masses  and  of  capillary  filling  of  the  vessels  and  other  wood  cells  are  important 
factors  affecting  pressures  as  manifest  in  manometers  attached  to  bore-holes 
or  to  stems  and  branches. 

Composition  of  Gases  in  Trunks  of  Trees,  by  D.  T.  MacDougal 

Gases  liberated  in  the  interior  of  the  stems  of  perennial  plants  such  as  trees 
may  escape  only  by  solution  in  the  sap-stream  and  by  slow  diffusion  through 
the  cambium  layer  and  bark.  Consequently  air  extracted  from  a  tree  trunk 
has  a  composition  widely  different  from  that  of  the  atmosphere.  The  propor- 
tion of  oxygen  is  invariably  less  and  that  of  carbon  dioxide  greater  than  that 
in  the  air  and  the  sum  of  the  two  is  less  than  in  the  atmosphere.  The  condi- 
tions suggest  that  the  deficit  is  replaced  by  other  substances  such  as  methane 
or  carbon  monoxide.  Terpenes,  which  are  insoluble  in  water,  are  of  course 
present  in  the  gases  of  the  pine.  Our  determinations  show  their  presence 
also  in  the  gases  of  the  willow,  oak  and  poplar  to  an  amount  of  one  part  in  a 
thousand.  The  presence  of  these  substances  retards  the  absorption  of  the 
oxygen  by  phosphorus  in  the  analyses.  Whether  a  similar  inhibiting  action 
is  exerted  on  oxidations  in  the  protoplasmic  mass  is  not  known.  The  pos- 
sibility of  such  a  retarding  action  is  to  be  taken  seriously. 

The  results  of  a  series  of  analyses  support  the  conclusion  previously  made 
that  the  carbon-dioxide  content  is  an  index  of  the  degree  of  growth  activity. 
The  proportion  of  carbon  dioxide  in  the  oak  (Quercus  agrifolia)  has  been  seen 

1  D.  T.  MacDougal,  Reversible  variations  in  volume,  pressures  and  movement  of  sap  in  trees, 
Carnegie  Inst.  Wash.  Pub.  No.  365  (1925).     Note:  see  p.  71. 
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to  vary  from  a  minimum  of  1.2  per  cent  in  January  1927  to  15  per  cent  in 
August.  In  the  willow  (Salix  lasiolepsis)  the  minimum  of  about  5  per  cent  in 
January  was  followed  by  a  maximum  of  about  10  per  cent  in  July. 

Gas  extracted  from  a  poplar  (Populus  macdougalii)  at  Tucson  on  Feb- 
ruary 18,  1927,  included  only  1.4  per  cent  carbon  dioxide  which  had  risen  to  8 
per  cent  by  the  time  the  first  increases  in  diameter  were  shown  by  the  dendro- 
graphic  record  about  March  1.  A  maximum  of  over  18  per  cent  was  found 
May  7  at  the  time  of  most  rapid  growth. 

Carbon  dioxide  in  the  gases  of  the  trunk  of  the  Monterey  pine  has  been 
seen  to  vary  from  3.7  per  cent  in  January  at  the  time  of  beginning  growth  to 
over  11  per  cent  in  May  at  the  height  of  the  growing  season. 

ECOLOGY 

Soil  Conditions  in  relation  to  Desert  Vegetation,  by  Forrest  Shreve  and 

Jesse  L.  Doughty 

One  of  the  most  clearly  marked  cases  of  vegetational  differentiation  in  the 
desert  valleys  near  Tucson  has  been  used  in  a  further  investigation  of  the 
possible  role  of  soil  conditions  in  underlying  such  differences  in  the  natural 
plant  cover.  Following  some  work  in  which  the  total  soluble  salts  were 
determined,  an  investigation  has  now  been  made  of  the  character  of  the  salts 
present  in  the  soil  solutions. 

Soils  were  used  from  seven  localities,  in  four  of  which  the  vegetation  is  a 
pure  or  nearly  pure  stand  of  Covillea,  while  the  other  three  are  adjacent  areas 
without  Covillea,  and  bearing  a  different  type  of  vegetation  in  each  case. 
Representative  soil  samples  of  the  first  and  second  foot  were  collected  from 
the  several  areas.  The  samples  were  dried,  pulverized  and  sifted,  only  the 
portion  passing  through  a  20-mesh  sieve  being  used.  Moisture  and  loss  on 
ignition  were  determined  for  all  samples.  Inorganic  carbon  was  ascertained 
by  measuring  the  CO2  evolved  on  boiling  in  dilute  HC1.  A  five  to  one  extract 
was  made,  using  water  free  of  C02,  and  the  filtered  solution  was  then  analysed 
for  calcium,  magnesium,  sulfates,  carbonates,  bicarbonates  and  chlorine. 
Sodium  was  determined  by  difference.  Some  of  the  samples  were  also  sub- 
jected to  extraction  with  water  saturated  with  C02. 

On  the  basis  of  the  extractions  made  with  water  free  of  C02,  the  variations 
between  the  samples  from  soils  supporting  Covillea  are  in  most  cases  as  great 
as  the  differences  between  the  samples  from  other  areas,  and  the  values  over- 
lap with  them.  In  the  samples  leached  with  water  saturated  with  C02  there 
was  a  large  increase  in  the  soluble  calcium  but  very  little  increase  in  magne- 
sium. Inorganic  carbon  was  much  higher  in  every  sample  from  the  Covillea 
areas,  the  lowest  amount  of  any  of  these  areas  being  about  twice  that  of  the 
highest  from  the  other  areas.  As  there  was  no  water-soluble  carbonate  in 
any  of  the  samples  it  is  safe  to  assume  that  most  of  the  C02  was  derived  from 
calcium  carbonate.  Loss  on  ignition  followed  the  same  general  curve  as 
inorganic  carbon.  The  soils  investigated  all  contain  large  amounts  of  coarse 
angular  material,  with  the  exception  of  the  samples  from  the  floor  of  Avra 
Valley.  The  amount  of  organic  matter  is  extremely  small  in  all  of  the  soils. 
The  soils  on  which  Covillea  is  found  show  no  tendency  to  bake,  while  the 
soils  in  the  other  areas  bake  very  hard,  despite  the  low  clay  content. 
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Soil  Temperature  Investigations,  by  Forrest  Shreve 

Work  on  the  temperature  of  the  soil  has  been  continued  with  special  refer- 
ence to  the  influence  exerted  by  increased  moisture  content  of  the  soil  and  by 
types  of  vegetative  cover.  The  soil  used  is  the  alluvial  clay  of  the  flood 
plains  near  the  Desert  Laboratory,  the  type  which  forms  the  principal 
agricultural  soil  of  Arizona.  During  the  rainless  months  this  soil  reaches  a 
temperature,  at  a  depth  of  3  inches,  which  is  from  20°  to  24°  F.  above  the 
temperature  of  the  air.  During  June  and  July  the  weekly  maximum  has  not 
been  lower  than  122°  F.  Light  daily  irrigation  calculated  to  keep  the  soil 
moisture  above  15  per  cent  reduces  the  maximum  temperature  of  the  soil,  at 
first  from  10°  to  13°  and  after  one  month  of  irrigation  to  14°  to  19°.  The  daily 
maximum  of  the  moist  soil  then  ranges  from  96°  to  110°.  The  minimum 
temperature  of  the  dry  soil  falls,  in  the  warm  months,  to  an  amount  within 
4°  to  10°  of  the  minimum  air  temperature,  reaching  from  68°  to  78°  just  before 
sunrise.  The  effect  of  irrigation  is  to  reduce  the  minimum  temperature  some 
8°  to  12°  below  that  of  the  dry  soil,  the  actual  readings  varying  from  56°  to 
72°,  which  is  from  2°  to  8°  below  the  minimum  temperature  of  the  air.  The 
weekly  range  between  the  maximum  and  the  minimum  temperature  of  the 
air  during  the  period  of  the  observations  was  from  25°  to  36°,  the  range  of 
temperature  in  the  dry  soil  from  43°  to  55°,  and  that  of  the  wet  soil  from  30° 
to  47°  F. 

The  lowering  of  soil  temperature  by  irrigation  is  in  a  great  measure  due  to 
the  cooling  effect  of  the  evaporation  of  moisture  from  the  surface  of  the  soil. 
Under  climatic  conditions  in  which  evaporation  is  not  so  active  as  it  is  in 
the  desert,  the  cooling  effect  of  wetting  is  not  so  marked,  and  in  northern 
latitudes  it  often  happens  that  the  early  spring  rains  cause  an  increase  in 
the  soil  temperature,  as  is  well  exemplified  in  some  of  the  records  secured  for 
use  in  this  investigation  through  cooperation  with  the  Office  of  Dry  Land 
Agriculture  of  the  United  States  Department  of  Agriculture. 

Results  of  work  on  the  influence  of  the  plant  cover  on  the  temperature  of 
the  soil  are  just  beginning  to  accumulate  and  are  not  yet  sufficiently  extended 
for  generalization.  The  entire  investigation  of  the  influences  affecting  soil 
temperature  has  been  extended  over  the  critical  seasons  of  several  years  in 
order  to  obviate  the  necessity  of  undue  duplication  of  the  thermographic 
equipment,  making  it  possible  to  use  the  same  rather  expensive  instruments 
many  times. 
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GENERAL  SUMMARY 

Continued  progress  has  been  made  in  the  study  of  the  relationships  between 
disturbances  in  the  Earth's  magnetism  and  electricity  and  the  Sun's  activity. 
The  opinion  is  gaining  ground  that  superposed  on  a  fairly  regular  fluctuation  in 
the  Sun's  activity,  with  which  the  normal  diurnal-variation  of  the  Earth's 
magnetism  can  be  correlated  to  a  very  high  degree,  we  have  more  or  less 
irregular  and  spasmodic  fluctuations  both  of  the  Sun's  and  of  the  Earth's 
magnetic  activity  during  a  solar  cycle.  For  the  latter  case  the  correlation 
between  the  solar  and  terrestrial  phenomena  is  not  always  evident  or  close. 
Therefore,  special  effort  was  made  to  obtain  required  concomitant  data  from 
all  available  and  interested  sources.  We  have  cooperated  with  the  Mount 
Wilson  Observatory  by  supplying  magnetic  equipment  to  indicate  magnetic 
disturbances  visually  and  photographically,  and  by  assisting  in  its  installation 
on  Mount  Wilson.  Thus,  when  opportunity  offers,  intensive  solar  observa- 
tions may  be  made  during  magnetic  storms  with  all  the  special  appliances  of 
the  Observatory,  particularly  the  spectrohelioscope.  Dr.  Hale  is  of  the  opinion 
that  a  more  satisfactory  measure  of  solar  activity  than  frequency  and  areas  of 
sunspots  would  be  the  area  and  brightness  of  the  bright  hydrogen  flocculi, 
which  almost  invariably  occur  in  regions  surrounding  active  sunspot  groups 
rather  than  in  the  spots  themselves. 

Greenleaf  W.  Pickard,  appointed  Research  Associate  for  1927,  has  given 
special  attention  to  the  study  of  correlations  between  radio  transmission  and 
solar  and  magnetic  activity;  he  has  already  obtained  valuable  results  (see 
p.  207).  Others  engaged  in  the  scientific  study  of  radio  phenomena,  notably 
the  American  Telephone  and  Telegraph  Company  and  the  Bureau  of  Stan- 
dards, have  been  kept  supplied  with  data  for  their  particular  needs.  The 
Department  has  also  under  way  special  experiments  bearing  on  this  subject 
(see  p.  171). 

Individual  investigations  have  been  made  at  our  observatories,  outside  the 
regular  routine  and  of  interest  in  the  study  of  relations  of  magnetic,  atmos- 
pheric-electric and  radiotelegraphic  phenomena,  as,  for  example,  the  work  by 
Cairns  on  radio  correlations  at  Watheroo  and  by  Parkinson  on  variation  of 
atmospheric  potential-gradient  at  stations  of  different  altitudes  near  Huancayo. 

Another  line  of  investigation  in  which  we  have  been  of  assistance  concerns 
the  feasibility  of  determining  geological  formations  of  scientific  interest  and 
of  economic  value  by  means  of  magnetic  and  electric  methods.  The  experience 
gained  by  Gish  and  Rooney  in  the  resistivity-surveys  of  the  soil  at  Watheroo, 
Western  Australia,  and  at  the  Ebro  Observatory,  Tortosa,  Spain,  has  sug- 
gested methods  and  furnished  data  of  considerable  interest  to  geophysicists 
and  geologists. 

The  potential  gradients  of  the  electric  currents  flowing  in  the  Earth's 
crust,  violent  changes  in  which  affect  telegraphic  transmission,  are  now  being 
continuously  recorded  at  our  two  magnetic  observatories  (Watheroo,  Western 
Australia,  and  Huancayo,  Peru).  There  are  but  two  observatories  elsewhere 
obtaining  similar  records — one  at  Lund,  Sweden,  and  the  other  at  Tortosa, 

1  Address:  Thirty-Sixth  Street  and  Broad  Branch  Road,  Washington,  D.  C.  165 
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Spain.  The  importance  of  such  records  in  terrestrial  magnetism  and  electricity 
is  emphasized  by  the  preliminary  results  given  in  this  report. 

Among  the  physical  investigations  and  experiments  may  be  mentioned  the 
outstanding  results  of  Breit  and  his  associates  in  developing  high  potentials 
for  application  of  laboratory  methods  to  the  elucidation  of  some  of  the  prob- 
lems of  the  Earth's  magnetism  and  electricity.  Progress  in  other  experi- 
mental and  theoretical  studies  in  the  laboratory  gives  promise  of  helpful  con- 
tribution, for  example,  the  work  of  Wait  and  Sverdrup  relating  to  the 
universal-time  feature  of  the  diurnal  variation  of  the  atmospheric  potential- 
gradient  and  that  of  Breit  in  the  examination  of  probable  numerical  rela- 
tions in  the  passage  of  radio  waves  through  the  conducting  layer. 

Following  the  action  of  the  Trustees  last  December,  providing  for  a  three- 
years'  cruise  of  the  Carnegie,  beginning  in  1928,  to  be  devoted  to  special  work  in 
terrestrial  magnetism  and  electricity  and  the  study  of  certain  general  prob- 
lems in  physical  oceanography,  much  attention  has  been  given  to  the  design  of 
new  instruments  and  methods  in  order  to  insure  increased  output  and  value 
of  the  scientific  results.  Through  the  courtesy  of  the  United  States  Coast 
Guard,  the  vessel  was  towed  in  May  1927  from  Washington  to  Hoboken,  New 
Jersey,  where  the  repairs  are  now  under  way  under  Ault's  supervision.  We 
have  the  benefit  in  these  preparations  of  the  advice  and  cooperation  of  many 
oceanographers  and  oceanographic  institutions,  both  in  the  United  States 
and  abroad. 

Volume  VI  of  our  Researches  was  submitted  for  publication  in  May  and 
will  be  ready  for  distribution  about  October  1927.  It  will  contain  the 
Magnetic  Results  at  Land  Stations,  1921-1926,  by  H.  W.  Fisk,  and  the  Mag- 
netic, Atmospheric-Electric  and  Auroral  Results,  Maud  Expedition,  1918- 
1925,  by  H.  U.  Sverdrup.  It  will  be  recalled  that  the  Department  cooperated 
with  Captain  Amundsen's  Maud  Expedition  in  the  Arctic  and  that  Dr. 
Sverdrup,  in  charge  of  the  scientific  work,  was  connected  with  the  Depart- 
ment at  various  times  as  Research  Associate. 

Progress  has  been  made  also  in  the  preparation  of  the  manuscript  for 
Volume  VII,  which  is  to  contain  chiefly  the  results  of  the  magnetic  observa- 
tions at  the  Watheroo  Observatory  during  1919  to  1926.  Satisfactory  methods 
have  been  perfected  whereby  tabulations  are  made  immediately  available  for 
reproduction  in  publication,  thus  greatly  reducing  the  cost. 

Increased  activities  of  various  governments  and  organizations  in  our  fields 
of  work  have  marked  the  past  year.  This  has  been  especially  the  case  in  land 
magnetic-survey  work,  thus  compensating  in  some  measure  for  the  necessary 
curtailment  in  our  operations  in  recent  years  owing  to  limited  personnel. 
Every  opportunity  has  been  taken  to  cooperate  through  continued  com- 
parisons of  our  standards  with  those  of  various  governments,  especially  of 
field  instruments  ordered  by  them  in  the  United  States. 
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INVESTIGATIONAL  AND  EXPERIMENTAL  WORK 

TERRESTRIAL  MAGNETISM  AND  ELECTRICITY  AND  COSMICAL  RELATIONS 

Attention  has  been  concentrated  on  the  following  theoretical  investigations 
during  the  year: 

Studies  of  correlations  between  solar  activity  and  the  Earth's  magnetic  and 
electric  activity — These  have  involved  consideration  of:  (a)  Suitable  measures 
and  critical  studies  of  suggested  measures  of  solar  activity,  of  magnetic  ac- 
tivity and  of  electric  activity;  (6)  relations  to  radio  reception,  ozone  content  of 
the  atmosphere  and  solar  radiation;  (c)  character  of  suddenly  beginning 
magnetic  disturbances;  (d)  27-day  period  in  terrestrial-electric  and  terrestrial- 
magnetic  phenomena;  (e)  the  possibilities  of  a  suitable  program  for  con- 
comitant observations  of  solar  disturbances  and  of  terrestrial-magnetic  and 
terrestrial-electric  disturbances.  These  researches  have  been  carried  on  by 
Bauer,  Peters,  Duvall  and  Ennis,  and  have  been  greatly  facilitated  from  time  to 
time  through  the  supplying  of  desired  solar  and  magnetic  data  by  interested 
organizations  and  investigators,  including  the  Coast  and  Geodetic  Survey, 
Professor  Wolfer  of  the  Zurich  Observatory,  Dr.  Hale  and  Dr.  Adams  of  the 
Mount  Wilson  Observatory,  Dr.  Stetson  of  the  Astronomical  Laboratory  of 
Harvard  University,  Dr.  Austin  and  Dr.  Dellinger  of  the  Bureau  of  Standards, 
and  Messrs.  Blackwell  and  Anderson  of  the  American  Telephone  and  Telegraph 
Company. 

Analysis  of  the  Earth's  magnetic  field — Good  progress  has  been  made  in  the 
preparation  of  magnetic  data  for  the  improved  analysis  of  the  Earth's  magnetic 
field.  This  work  has  involved:  (a)  Studies  of  methods  to  reduce  field  data  to 
mean  of  day  on  account  of  diurnal  variation,  taking  into  account  geographic 
distribution  of  such  changes  and  relations  to  the  fixed  observatories  within  the 
general  region  concerned;  (&)  determination  of  and  reduction  for  secular-varia- 
tion changes  from  the  theoretical  viewpoint;  (c)  methods  of  adjustment  of 
data  reduced  to  common  epoch  for  geographical  distribution.  Chief  assistance 
in  this  work  has  been  given  Bauer  by  Peters  and  Duvall. 

Group  analyses  of  the  three  rectangular  components  of  the  Earth's  magnetism 
as  determined  from  the  compilations  of  magnetic  data  at  the  Watheroo  Observatory 
during  1919  to  1924 — Harmonic  analyses  have  been  made  of  the  diurnal 
variations  of  the  X,  Y  and  Z  components  of  the  Earth's  magnetic  intensity  as 
determined  at  the  Watheroo  Observatory  during  1919  to  1924  for  the  tri- 
monthly,  semiannual  and  annual  values.  Especial  attention  has  been  given  in 
this  connection  to  considerations  of  the  best  manner  of  publishing  magnetic- 
observatory  data  having  in  view  their  special  utilization  for  interpretative 
analyses  of  the  magnetic  fields  represented  by  the  variations  of  the  Earth's 
magnetism.  These  studies  have  also  presented  opportunity  for  the  develop- 
ment of  systematic  methods,  by  which  the  time  required  in  making  harmonic 
analyses  of  observatory  data  may  be  greatly  reduced  and  the  checking  of 
results  of  such  computations  may  be  done  quickly  and  without  the  expense  of 
entire  recomputation.  The  Director  has  had  the  effective  assistance  of  Peters 
and  Ennis  in  these  investigations. 

Investigation  of  magnetic  diurnal-variations — Bauer  and  Duvall  made  a 
special  investigation  of  the  variation  in  the  diurnal  range  of  the  magnetic 
declination  with  magnetic  latitude.  The  declination  observations  obtained 
by  the  Maud  Expedition  at  Four  Pillar  Island,  1924  to  1925,  had  shown  a 
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diurnal-inequality  range  about  50  per  cent  less  than  what  might  be  expected 
from  the  values  of  the  magnitude  and  horizontal  intensity.  This  anomaly 
again  emphasized  the  great  need  of  additional  observations  in  polar  regions, 
regarding  which  the  Director  has  prepared  several  communications  (see  pp. 
198-199) .  In  this  connection,  Fisk  has  begun  a  discussion  of  the  diurnal-varia- 
tion observations  thus  far  made  at  land  stations  during  daylight  hours  over 
periods  of  one  or  two  days  in  the  course  of  the  usual  field  work  (see  p.  204). 

Reduction  of  accumulated  magnetic  data  to  common  epoch — Following  the 
theoretical  studies  above  indicated,  the  reduction  of  accumulated  magnetic 
data  in  Australasia  and  the  adjoining  islands  of  the  Pacific  to  the  mean 
common  epoch  1913.5  has  been  undertaken,  and  at  the  end  of  the  year  the 
compilations  for  the  regions  noted  had  been  completed.  This  work  has  in- 
cluded various  studies  of  secular  variation.  Fisk  has  also  given  attention  to 
the  study  of  secular  variation  as  shown  by  the  Department's  own  observations 
and  those  of  other  organizations,  particularly  in  South  America  and  in  Africa. 

Magnetic  charts  for  polar  regions — The  reduction  of  magnetic  data  in  the 
polar  regions  and  the  indexing  of  all  data  available  have  been  continued  by 
Peters. 

CONTRIBUTIONS  OF  RESEARCH  ASSOCIATES 

Dr.  A.  E.  Kennelly,  Professor  of  Electrical  Engineering  at  the  Massa- 
chusetts Institute  of  Technology  and  Harvard  University,  and  Dr.  S.  J.  M. 
Allen,  Professor  of  Experimental  Physics  at  the  University  of  Cincinnati, 
were  reappointed  by  the  Institution  as  research  associates  for  cooperative 
work  in  terrestrial  electricity  with  the  Department.  Dr.  Kennelly's  attention 
during  1926  and  1927  has  been  devoted  chiefly  to  the  discussion,  while  abroad, 
of  questions  relating  to  cooperative  endeavor  in  the  further  investigation  of 
the  Kennelly-Heaviside  layer  and  particularly  its  relation  with  aurora. 

Dr.  Allen  visited  the  Laboratory  on  April  21.  During  the  year  he  and  his 
assistant,  D.  W.  Dwight,  have  continued  in  the  laboratory  of  the  University 
of  Cincinnati  the  setting  up  and  testing  of  apparatus  to  permit  the  measure- 
ment of  the  definite  differential  charge  (plus  or  minus)  of  the  atmosphere  in 
different  places,  air  being  drawn  through  a  Faraday  pail.  The  method  em- 
ployed in  the  laboratory  is  that  of  Obolensky.  The  apparatus  is  being  made 
compact  and  portable  so  that  it  may  be  suitable  for  use  in  the  field.  It  is 
hoped  that  the  compact  field  form  may  be  made  ready  for  a  complete  survey 
of  the  ionization  (excess  plus  or  minus)  of  the  air  under  all  possible  conditions 
that  may  be  made  in  the  neighborhood  of  Cincinnati  and  in  Nova  Scotia 
during  the  coming  year;  while  this  work  will  require  several  seasons,  it  is 
expected  that  results  may  be  published  from  time  to  time. 

Greenleaf  W.  Pickard,  well  known  for  his  pioneer  work  in  radiotelegraphy, 
was  appointed  research  associate  by  the  Institution  in  January  for  coopera- 
tive work  in  the  study  of  correlations  between  terrestrial  magnetism  and 
electricity  and  radio  reception.  He  has  already  held  two  conferences  with 
members  of  staff  at  Washington  and  has  offered  many  constructive  sug- 
gestions in  the  investigations  being  undertaken.  He  presented  a  summary 
of  his  own  studies  before  the  April  meeting  of  the  Section  of  Terrestrial 
Magnetism  and  Electricity  of  the  American  Geophysical  Union  (see  p.  207). 

H.  U.  Sverdrup  of  the  Section  of  Meteorology  of  the  Geophysical  In- 
stitute of  Bergen,  Norway,  continued  as  research  associate  through  December, 
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returning  to  Norway  in  October.  His  valuable  investigations  of  the  scientific 
data  accumulated  under  his  direction  on  the  Maud  Expedition  were  com- 
pleted by  him,  with  some  assistance  in  final  revisions  by  Fleming  and  Ennis. 
As  stated  elsewhere,  his  reports  form  a  part  of  Volume  VI  of  the  Department's 
Researches  which  is  now  in  press.  Sverdrup  has  also  given  the  Depart- 
ment the  benefit  of  his  constructive  assistance  in  theoretical  discussions  of 
the  universal-time,  24-hour  wave  of  the  diurnal  variation  of  the  atmospheric 
potential-gradient  in  collaboration  with  Wait  (see  p.  213).  A  number  of 
publications  and  lectures  by  Sverdrup  resulting  from  his  research  asso- 
ciateship  are  abstracted  in  the  last  part  of  this  report.  During  1927, 
Sverdrup  has  maintained  association  with  the  Department  and  has  done 
much  to  forward  not  only  the  plans  but  also  the  obtaining  of  equipment  for  the 
coming  work  of  the  Carnegie. 

MAGNETISM  AND  ATOMIC  PHYSICS 

The  lines  of  theoretical  investigation  and  laboratory  experiment  followed 
by  G.  Breit  and  associates,  G.  R.  Wait  and  J.  W.  Green,  during  the  year  in- 
cluded : 1  Atomic  physics,  action  of  a  radioactive  collector,  the  high-frequency 
permeability  of  iron,  the  Kennelly-Heaviside  layer  and  the  ionization  of  the 
upper  atmosphere,  and  effect  of  pressure  on  the  critical  temperature  of 
magnetization. 

ATOMIC    PHYSICS 

The  work  in  atomic  physics  done  by  Breit  and  his  associates,  Tuve  and 
Dahl,  with  assistance  from  Huff,  may  be  briefly  summarized  as  follows: 

(1)  Source  of  high  potential — The  major  efforts  of  Breit,  Tuve  and  Dahl 
were  spent  in  developing  the  Tesla  coil  as  a  source  of  high  potential.  The 
purpose  of  this  is  to  obtain  electrons,  protons  and  other  electrified  particles 
with  energies  greater  than  those  of  alpha-particles  given  off  by  radio-active 
materials.  Also  very  penetrating  electromagnetic  radiation  must  be  obtain- 
able. The  voltage  necessary  to  produce  cosmic  rays  studied  by  Hess,  Kohl- 
horster,  Millikan  and  others,  is  about  thirty  millions.  It  seems  to  be  possible 
to  obtain  such  potentials,  or  their  equivalent,  by  the  methods  used. 

So  far,  only  4,700,000  volts  have  been  obtained.  However,  the  present 
experimental  arrangement  is  probably  capable  of  giving  10,000,000.  Since 
energies  of  the  fastest  alpha-particles  are  of  the  order  of  3,500,000  volts,  more 
violent  disintegration  of  atomic  nuclei  than  that  obtained  by  Rutherford  and 
Chadwick,  or  Petterson  and  Kirsch,  appears  attainable. 

The  Washington  Navy  Yard  and  the  Bureau  of  Standards  have  cooperated 
in  this  work  on  various  occasions  through  the  loan  of  condensers,  transformers 
and  optical  apparatus.  Assistance  in  the  matter  of  temporary  equipment  has 
also  been  generously  given  by  the  Geophysical  Laboratory  and  by  the  Naval 
Research  Laboratory. 

(2)  Resonance  radiation — Tuve  has  constructed  a  convenient  source  for 
exciting  resonance  radiation  in  mercury.  It  is  easier  to  maintain  in  a  constant 
condition  than  the  water-cooled  mercury  arc.  The  discharge  is  passed  through 
argon.  A  small  amount  of  mercury  in  the  tube  suffices  to  give  a  strong  and 
sharp  emission  of  25371  radiation. 

1  From  subreports  of  G.  Breit,  mathematical  physicist,  G.  R.  Wait,  associate  physicist,  and 
J.  W.  Green,  magnetician. 
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(3)  Nature  of  light  quanta — Breit  has  performed  an  experiment  on  the 
nature  of  light  quanta,  the  result  of  which  shows  that  their  length  in  space,  if 
any,  is  smaller  than  the  coherence-length. 

(4)  Unidirectional  emission  of  light  quanta — A  way  of  interpreting  the  uni- 
directional emission  of  light  quanta  on  Schrodinger's  wave-mechanics  has 
been  found  by  Breit.  The  satisfactory  feature  of  this  is  the  fact  that 
unidirectional  emission  is  a  consequence  of  the  new  theory.  In  the  old  theory, 
it  was  not  (see  p.  201). 

(5)  Forces  in  a  spinning  electrified  sphere — Calculations  by  Breit  on  the 
forces  involved  in  a  spinning  electrified  sphere  showed  that  there  may  be 
more  hope  of  understanding  the  stability  of  the  electron  on  the  supposition 
that  it  spins  with  the  approximate  speed  required  by  spectroscopists  (see 
p.  200). 

(6)  Nature  of  frequency  changes — In  collaboration  with  Ruark  and  Brick-' 
wedde   of  the  Bureau   of  Standards,   Breit  has   been  working  on  under- 
standing in  terms  of  quantum  theory  the  nature  of  frequency  changes  due  to 
interrupting  wave-trains  of  light  (see  p.  201). 

ACTION    OF   A   RADIOACTIVE    COLLECTOR 

Tuve  and  Huff  made  a  laboratory  study  of  the  action  of  a  radioactive  col- 
lector for  potential-gradient  observations.  A'  known  gradient  was  set  up 
between  two  large  tin  surfaces.  Various  corrections  have  been  found  for  the 
values  of  the  gradient  indicated  by  the  collector.  The  effects  of  pointing  the 
collector  face  up  or  down,  attaching  capacity  areas,  having  a  time  variation  in 
the  potential  gradient,  etc.,  were  investigated.  The  conclusions  from  this  in- 
vestigation are  given  on  page  212. 

It  is  the  practice  of  the  Department,  as  of  many  other  organizations  under- 
taking atmospheric  potential-gradient  work,  to  use  flat  metal  disks — coated 
on  one  side  only  with  some  radioactive  material  as  a  collector  in  standardiza- 
tion observations — with  its  coated  side  down.  During  the  year  Wait  has 
obtained  series  of  comparison  data  between  such  a  collector  and  a  spherical 
collector,  the  height  of  the  center  of  the  sphere  being  the  same  as  that  to  the 
lower  coated  side  of  the  disk  collector.  The  results  indicate  that  the  spherical 
collector  gave  values  about  6  per  cent  higher  than  the  disk  collector. 

THE  HIGH-FREQUENCY  PERMEABILITY  OF  IRON 

Since  publication  of  the  annual  report  for  1926,  Wait,  in  collaboration 
with  Brickwedde  of  the  Bureau  of  Standards,  has  continued  the  work  on 
magnetic  permeability  of  iron  in  high-frequency  alternating  fields,  using  the 
beat-method  and  extending  the  field-strength  of  about  0.3  to  0.6  gauss  to  a 
smaller  field-strength  (0.03  gauss) .  In  addition  to  this,  a  sample  of  soft  iron 
wire  sent  by  Wwedensky  and  Theodortschik,  in  which  they  appeared  to  have 
obtained  the  resonance-effect,  was  tried.  Various  other  samples  of  iron  wires 
have  been  tried,  bound  very  tightly  and  also  in  a  loose  condition.  A  small 
field-strength  had  been  used  in  the  resonance-method.  Without  the  reso- 
nance phenomena  appearing,  it  was  thought  worth  while,  however,  to  use  the 
beat-method  also.  In  none  of  the  above-mentioned  attempts  did  the  anomaly 
appear,  thus  confirming  the  previous  results. 
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Cooperative  work  with  the  Bureau  of  Standards  on  the  magnetic  suscep- 
tibility of  rare  earths  at  low  temperatures,  for  which  a  program  had  been 
arranged  in  accordance  with  the  statement  on  page  191  of  last  year's  annual 
report,  has  not  yet  been  carried  beyond  the  initial  stages  of  installing  the 
apparatus  suitably  at  the  Bureau  of  Standards  and  of  preparing  the  additional 
appurtenances  and  attachments  specially  required  because  of  the  pressure 
of  other  duties  of  Wait  and  Brickwedde.  It  is  hoped  that  actual  observa- 
tions may  be  begun  shortly. 

KENNELLY-HEAVISIDE   LAYER   AND   THE    IONIZATION   OF   THE   UPPER 

ATMOSPHERE 

Dahl  has  assembled  the  necessary  experimental  equipment  for,  and  is 
making  progress  on,  the  recording  of  radio  signals  for  the  purpose  of  finding 
the  approximate  values  of  ionization  in  the  upper  atmosphere,  of  repeating 
reflection  experiments  involved  in  such  investigation  of  the  Kennelly-Heavi- 
side  layer,  and  of  studying  simultaneously  magnetic  and  radio  variations.  He 
has  obtained  very  satisfactory  records  on  10,000  kilocycles  by  means  of  a 
crystal-controlled  local  oscillator,  while  the  4,000-kilocycle  band  has  given 
traces  indicating  the  variation  in  the  amplitudes  of  direct  and  reflected  waves. 
In  this  as  in  other  connections,  very  valuable  cooperation  has  been  extended 
by  the  Naval  Research  Laboratory  by  sending  radio  signals  of  the  necessary 
type.  This  investigation  was  undertaken  after  an  examination  of  probable 
numerical  relations  in  the  passage  of  radio  waves  through  the  conducting  layer 
had  led  Breit  to  the  conclusion  that  even  variations  of  a  few  gammas  in 
the  Earth's  field  might  lead  to  large  fluctuations  in  signal-intensity.  Similarly 
very  small  relative  changes  in  the  ionization  and  in  the  wave-length  of  the 
signal  are  likely  to  produce  appreciable  effects  on  the  signal-strength  (see 
p.  201). 

A  cooperative  plan  for  systematic  experimental  investigation  to  obtain 
more  extensive  information  about  the  action  of  the  upper  atmosphere  has 
been  arranged  between  the  General  Electric  Company,  Department  of  Physics 
of  the  Cornell  University,  and  our  Department.  Radio  apparatus  used  in 
last  year's  experiments  on  the  conducting  layer  has  been  loaned  to  the  General 
Electric  Company  for  use  at  Schenectady  and  subsequently  at  the  Cornell 
University.  In  turn,  the  General  Electric  Company  is  preparing  signal- 
intensity  recording  apparatus  to  be  used  in  investigatory  work  at  the  Watheroo 
and  Huancayo  observatories. 

EFFECT  OF  PRESSURE  ON  THE  CRITICAL  TEMPERATURE  OF  MAGNETIZATION 

The  final  experimental  work  of  this  cooperative  investigation  at  the  Geo- 
physical Laboratory,  conducted  by  L.  H.  Adams  of  that  Laboratory  and 
J.  W.  Green  of  the  Department,  the  chief  conclusions  of  which  have  already 
been  abstracted  in  the  annual  report  for  1926,  was  brought  to  a  close  in 
October  1926.  The  detailed  data  resulting  from  the  investigations  have  been 
compiled  and  put  in  the  form  of  graphs,  but  the  work  of  interpreting  the  results 
has  not  yet  been  completed.  The  observations,  especially  at  low  pressures, 
require  further  study  and  correlation  with  other  physical  factors.  Final 
preparation  of  manuscript  for  publication  is  delayed,  pending  further  theoreti- 
cal investigations  by  Adams  regarding  a  possible  volume  change  under  the 
pressures  used. 
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EXPERIMENTAL  WORK  IN  TERRESTRIAL  ELECTRICITY1 

The  activities  of  the  Section  of  Experimental  Work  in  Terrestrial  Electricity 
by  Mauchly,  Gish,  Wait,  and  their  assistants  were  briefly  as  follows : 

Atmospheric  electricity — Studies  of  the  Department  records  of  potential 
gradient  and  conductivity  in  order  to  ascertain  whether  the  equipment, 
methods  of  measurement,  and  other  controllable  conditions  meet  require- 
ments were  made  by  S.  J.  Mauchly,  chief  of  the  section,  and  by  Wait  and 
Torreson  (see  p.  190),  and  recommendations  for  special  tests  or  procedure 
were  prepared.  Mauchly  and  Huff  completed  the  design  for  the  Department's 
standard  electrograph  for  measuring  potential  gradient  at  observatories,  and 
the  latter  supervised  the  construction  and,  in  conjunction  with  Wait,  carried 
out  preliminary  tests  at  the  laboratory. 

Instrumental  designs  and  laboratory  tests  of  methods  for  registering  photo- 
graphically atmospheric  potential-gradient  and  conductivity  on  the  Carnegie 
are  under  way  by  Gish  and  Wait.  For  the  potential-gradient  measurements  on 
the  Carnegie  an  array  of  radioactive  collectors  will  be  supported  above  the 
main-mast  by  a  post-type  insulator.  It  is  planned  to  embody  in  this  new 
apparatus  the  device  used  at  the  Department's  observatories  for  automatically 
making  insulation  tests  (see  pp.  302-303  of  Phys.  Rev.,  vol.  23,  Feb.  1924). 
For  purposes  of  comparison  and  of  control,  the  method  used  on  previous 
cruises  may  be  used  for  parallel  visual  observations. 

Registration  of  potential  gradient  and  negative  conductivity  was  continued 
at  the  deck  observatory  at  Washington  without  important  change  in  method  or 
equipment  (see  p.  189),  the  routine  work  and  the  scaling  of  records  being 
done  by  Miss  Frances  L.  Christison  until  her  resignation  in  May  and  sub- 
sequently by  Kenneth  L.  Sherman.  Observations  for  use  in  reducing  the 
registered  potentials  to  volts  per  meter  over  a  plane  surface  were  made  by 
Wait,  assisted  at  various  times  by  Goldsmith,  Ledig,  or  Sherman  (see  p.  191). 

The  effects  of  variations  in  dust-content  and  humidity  of  the  atmosphere  on 
the  electrical  potential-gradient  and  conductivities  of  the  air,  as  based  on 
data  obtained  at  the  Watheroo  Observatory,  have  been  investigated  by 
Wait  with  the  interesting  conclusions  given  in  a  paper  published  in  the 
Journal  of  Terrestrial  Magnetism  and  Atmospheric  Electricity  (see  abstract  p. 
213).  The  data  upon  which  these  studies  were  based  were  obtained  with 
an  Aitken  dust-counter  (or  nucleus-counter)  kindly  loaned  for  use  at  the 
Observatory  by  the  Commonwealth  Meteorologist  of  the  Central  Weather 
Bureau  at  Melbourne.  The  results  appear  of  considerable  significance  and 
indicate  the  great  desirability  of  systematically  observing  dust-content  and 
humidity  at  the  observatories  for  the  purpose  of  detecting  correlations  with 
changes  in  the  atmospheric-electric  elements. 

Accordingly,  five  Aitken  counters  were  ordered  from  an  instrument-maker 
in  the  United  States.  Wait  improved  and  calibrated  several  Aitken  nucleus- 
counters  and  prepared  instructions  for  the  use  of  this  type  of  instrument 
at  the  observatories.  Some  of  the  improvements  were  the  reconstruction 
of  the  stirrer,  to  minimize  the  stirring  of  particles  at  time  of  shaking  and  the 
addition  of  a  support  for  observation  so  made  that  its  hollow  brass-tube 
standard  filled  with  cotton  may  be  used  as  a  filter  to  remove  dust-particles. 
Assisted  by  Goldsmith,  Wait  made  two  complete  24-hour  series  of  counts 
at  Washington.  Although  these  were  made  on  days  meteorologically  very 
dissimilar,  the  mean  count  of  particles  per  cubic  centimeter  was  nearly 
identical. 

1  From  report  for  the  Section  by  O.  H.  Gish  and  subreport  by  G.  R.  Wait,  in  the  absence, 
because  of  illness,  of  Chief  of  Section  S.  J.  Mauchly. 
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Diurnal  variation  of  atmospheric  potential-gradient — Wait  and  Sverdrup, 
with  some  collaboration  in  the  computations  and  graphical  representa- 
tions by  Fleming  and  Ennis,  have  developed  certain  interesting  computa- 
tions of  electromotive  forces  which  upon  certain  hypotheses  would  be  induced 
at  the  magnetic  poles  of  the  Earth  on  account  of  the  rotation  of  its  magnetic 
field.  These  result  in  "currents"  which  simulate  remarkably  the  universal 
24-hour  wave  of  the  diurnal  variation  of  atmospheric  potential-gradient 
shown  by  the  observations  aboard  the  Carnegie  in  all  oceans  and  by  those  on 
the  Maud  in  the  Arctic  Sea.  Confirmation  of  these  results  and  a  phjrsical 
basis  of  interpretation  are  among  the  problems  awaiting  solution  in  the 
future  program  of  atmospheric-electric  observation  in  the  laboratory  and  at 
sea. 

Earth-current  work— The  registration  of  earth-current  potentials  at  the 
Watheroo  Observatory  continued  throughout  the  year  without  serious  inter- 
ruption. 

Registration  was  begun  regularly  at  Huancayo  Observatory  on  November 
15,  1926,  and  has  been  continued  to  date  without  important  interruption. 
The  records  from  both  observatories  have  been  critically  examined  for  criteria 
of  reliability  and  in  some  cases  for  methods  of  improvement.  An  extraneous 
component  of  the  dirunal  variation  was  detected  in  one  of  the  three  inde- 
pendent registrations  of  the  northward  component  at  Watheroo,  and  the 
cause  was  removed  after  being  detected  by  means  of  the  records.  This  ex- 
perience illustrates  one  of  the  advantages  of  a  system  of  electrodes  from  which 
two  or  preferably  more  independent  registrations  of  each  component  may  be 
obtained.  Such  a  system  is  an  aid  in  estimating  the  accuracy  of  the  registra- 
tions by  comparing  the  independent  determinations  of  a  given  component. 
From  such  comparison  it  appears  that  the  accuracy  in  the  diurnal  variation 
of  the  northward  component  as  now  determined  at  Watheroo  compares 
favorably  with  that  in  the  other  geophysical  elements  which  are  recorded  there. 
The  diurnal  variation  in  the  eastward  component  must,  however,  be  regarded 
with  less  confidence  on  account  of  certain  inconsistencies  which  persist  among 
the  several  independent  registrations  of  this  component.  It  was  this  circum- 
stance, together  with  the  fact  that  the  diurnal  range  in  this  component  is 
apparently  only  about  one-fifth  that  of  the  northward  component,  that  made 
necessary  an  extension  to  record  on  an  electrode  located  6.25  miles  (10  km)  due 
east  of  the  point  of  common  reference  (see  p.  183).  Beginning  with  the 
calendar  year  1926,  the  more  important  Watheroo  earth-current  records  were 
scaled  by  the  Watheroo  Observatory  staff.  Rooney,  assisted  during  part  of 
June  1927  by  Strohman,  completed  scaling  the  1925  records  for  the  two  long 
lines.  The  general  characteristics  of  the  diurnal  variations,  as  shown  by  the 
more  recent  records,  seem  in  agreement  with  those  reported  for  the  year  1924 
(see  abstract  by  Rooney  on  p.  209). 

The  earth-current  records  from  the  Huancayo  Observatory  were  scaled  in 
part  by  Parkinson,  who  installed  and  adjusted  the  measuring  instruments 
there.  These  early  records  show  diurnal-variation  characteristics  which  are 
very  different  from  those  found  at  Watheroo  or  Ebro,  yet  they  seem  self- 
consistent.  Gish's  preliminary  summary  of  characteristics  of  the  Huancayo 
registrations  from  November  1926  to  February  1927  is  given  on  page  206. 

Gish,  assisted  during  June  by  Carl  L.  Frederick,  began  laboratory  tests  to 
ascertain  the  feasibility  of  measuring  earth-current  density  by  an  electro- 
magnetic-induction scheme. 

Earth-resistivity — After  completing,  early  in  July  1926,  the  extensive  re- 
sistivity-survey at  Watheroo,  Rooney  took  the  equipment  to  Tortosa,  Spain, 
where,  in  November  1926,  Gish  and  Rooney  made  a  somewhat  less  extensive 
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survey  in  the  vicinity  of  the  Ebro  Observatory  earth-current  measuring 
system.  A  study  of  these  data  led  to  interesting  interpretations  which  are 
given  in  greater  detail  on  page  209. 

Some  progress  has  been  made  by  Gish  and  Rooney  in  improving  the  re- 
sistivity apparatus  to  eliminate  certain  troublesome  features.  In  connection 
with  this  work,  Rooney  and  Strohman  obtained  oscillograms  at  the  Naval 
Research  Laboratory  to  determine  the  characteristics  of  the  current  sent 
through  the  earth  by  means  of  the  resistivity  apparatus.  These  confirm 
previous  tests  of  entirely  different  character  and  strengthen  the  view  that  with 
this  method  and  equipment,  when  properly  adjusted,  the  complications 
attending  the  use  of  alternating-current  methods  are  completely  avoided,  at 
least  for  all  situations  in  which  the  tests  were  applied. 

Keen  interest  in  the  method  and  equipment  used  in  earth-resistivity 
surveys  was  manifested  by  the  numerous  requests  for  reprints  of  the  paper  on 
Measurement  of  Large  Masses  of  Undisturbed  Earth  (see  Terr.  Mag.,  vol.  30, 
1925,  pp.  161-188)  as  well  as  by  other  inquiries  and  interviews  with  geo- 
physicists  and  geologists,  especially  those  pursuing  the  economic  aspect  of 
these  sciences.  The  interviews  were  frequently  stimulating  and  helpful  in 
other  ways.  Proposals  of  cooperative  work  were  made  by  several  interviewers ; 
one  of  these  seemed  feasible  for  the  summer  of  1927  and  promises  especial 
advantages  for  furthering  our  knowledge  of  the  resistivity  of  the  Earth's 
crust. 

Gish,  while  en  route  to  and  from  the  Ebro  Observatory,  attended  the  meet- 
ings of  the  British  Association  for  the  Advancement  of  Science  at  Oxford  and 
conferred  with  eminent  geophysicists  in  England,  France,  Switzerland,  Aus- 
tria and  Germany.  These  conferences  were  not  only  beneficial  but  brought 
out  many  helpful  suggestions.  While  at  the  Ebro  Observatory,  Gish  in  co- 
operation with  Reverend  I.  Puig,  Assistant  Director  of  the  Ebro  Observatory, 
made  a  very  direct  check  of  the  scale-values  or  constants  used  in  evaluating 
the  earth-current  registrations  at  the  Observatory.  These  tests  confirm  the 
large  diurnal-range  in  the  earth-current  potentials  at  Ebro  (see  further  details 
given  on  p.  209). 

Publications — A  number  of  papers  bearing  on  the  work  briefly  described 
above  have  been  prepared;  abstracts  of  these  and  of  some  of  the  investigations 
under  way  are  given  in  this  report. 

A  number  of  investigators  whose  problems  touch  the  subject  of  atmospheric 
electricity  and  earth-currents  called  upon  the  Department  for  information  or 
consultation. 

FIELD  WORK  AND  REDUCTIONS 

DEVELOPMENTS  AND  IMPROVEMENTS  FOR  FIELD  AND  OBSERVATORY 

INSTRUMENTS 

Chief  among  the  developments  looking  toward  improved  instrumentation 
were  those  concerned  with  the  Carnegie's  proposed  electromagnetic  equip- 
ment for  magnetic  determinations  of  precision  at  sea,  after  which  it  is  expected 
to  apply  these  to  land  and  observatory  work.  Green,  with  collaboration  from 
Breit,  Huff  and  Fleming,  has  been  making  an  experimental  -study  since 
October  of  such  possibilities.  For  inclination,  amplification  of  the  inductor 
output,  using  slip-ring  contacts  and  a  direct-reading  micro-ammeter  as  an 
indicating  instrument,  has  given  most  satisfactory  promise  in  the  experimental 
work  so  far  done,  the  inductor-coil  being  driven  by  a  Leeds  and  Northrup 
constant-speed  equipment.    A  three-stage  amplifier  with  a  single  detector 


DEPARTMENT    OF   TERRESTRIAL   MAGNETISM  175 

tube  which  operates  as  a  rectifying  tube,  following  the  plan  of  the  amplifying 
unit  devised  by  Adams  and  used  in  the  pressure  work  at  the  Geophysical 
Laboratory  (see  p.  171),  appears  best  suited,  sensitivity  being  varied  by 
changing  the  shunt-resistance  across  the  input  of  the  amplifier.  Behavior  of 
such  equipment  under  conditions  of  motion  at  sea  is  being  studied. 

Work  has  been  begun  by  Green  on  the  problem  of  adapting  the  inductor  to 
measurements  of  intensity,  using  commutator-coil,  constant-speed  motor- 
drive  and  measuring  the  output  of  the  inductor-coil  by  means  of  a  poten- 
tiometer. 

Breit  made  a  theoretical  study  of  possibilities  of  rotating-coil  mag- 
netometers for  ship  and  observatory  use.  His  report  included  a  general  the- 
oretical discussion  of  the  principles  of  the  rotating-coil  magnetometer,  of  the 
possible  sensitivity  and  considerations  as  to  its  applicability  on  shipboard. 
A  design  was  developed,  which  involved  three  independently  rotating  Helm- 
holtz-Gaugain  coils  about  the  same  center  in  a  gimbal  mounting  with 
arrangements  for  determining  the  level  position  of  the  system  by  photo- 
graphing the  horizon.  The  mechanical  difficulties,  offered  by  the  moving 
gimbal  mounting  and  by  the  non-magnetic  driving  motor  necessary,  make  it 
impracticable  to  carry  out  this  design  for  use  at  sea,  though  it  offers  practical 
promise  for  later  development  in  observatory  use. 

Experimental  work  for  improving  the  atmospheric-electric  equipment  for 
observation  at  sea  is  briefly  noted  elsewhere  in  this  report. 

TIME-CONTROL  AND  TEMPERATURE-COMPENSATION  AT  OBSERVATORIES 

The  work  of  general  improvement,  plans  for  which  were  noted  in  last  year's 
report,  at  the  two  observatories  has  been  concentrated  on  improvements  which 
will  not  only  facilitate  but  will  eventually  greatly  curtail  the  routine  work  in 
the  preparation  of  results  for  publication.  Among  these  improvements  (see 
Bull.  Nat.  Research  Council  No.  56,  pp.  81-86,  Nov.  1926)  which  have  been 
made  or  are  under  way  are : 

(a)  Better  time-control  by  elimination  of  parallax  of  the  reflected  beam- 
systems  in  the  registrations  and  by  the  marking  automatically  across  each 
photographic  record  of  a  time-line  placed  accurately  at  each  hour  and  at  the 
same  instant  for  all  automatic  records  in  the  observatories.  To  accomplish 
this  electric  clocks  and  program-machines  have  been  installed  at  each  observa- 
tory. These  clocks  are  controlled  by  radio  time-signals  and  are  kept  within  a 
limit  of  one  or  two  seconds  of  zonal  mean  time.  Thus,  since  records  at  the 
two  observatories  are  changed  at  the  hour  nearest  that  of  0h  for  the  Green- 
wich mean  date,  the  time-markings  for  all  the  records  obtained  are  simul- 
taneous at  the  two  observatories. 

(6)  It  has  been  found  that  the  magnetic  method  of  determining  constants 
for  the  magnetic  instruments  subjects  those  instruments  unavoidably  to  shocks 
which  are  quite  likely  to  affect  both  scale-value  and  base-line  constancy. 
Therefore,  a  system  of  automatic  determinations  once  every  four  hours  for 
the  scale-values  of  the  three  variometers  has  been  provided  by  centering  the 
variometers  in  Helmholtz-Gaugain  coils  of  suitable  dimensions.  In  addition  to 
furnishing  the  scale-value  determinations  for  different  values  of  ordinates  of 
the  photographic  records,  this  method  also  affords,  through  the  automatic 
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feature  operating  by  the  central  electric  clock,  an  excellent  check  on  any  pos- 
sible parallax  of  the  record  and  the  time-markings  which  may  be  associated 
with  or  result  from  other  causes. 

(c)  The  temperature-coefficients  of  the  intensity  variometers  at  the  observa- 
tories have  been  large  and,  while  the  diurnal  variation  in  temperature  is 
almost  negligible,  the  seasonal  variation  may  be  considerable.  Temperature- 
compensation  arrangements,  therefore,  have  been  installed  on  the  intensity 
variometers  so  that  the  temperature-coefficients  may  be  made  entirely  neg- 
ligible. This,  in  connection  with  the  time-marks,  will  greatly  facilitate  the 
mean  scalings  of  the  magnetograms  and  their  reduction  to  absolute  values. 

COOPERATION   WITH   OTHER   ORGANIZATIONS 

During  August  to  the  middle  of  September,  Fleming  took  the  initial  steps 
in  completing  the  cooperative  program  at  the  Mount  Wilson  Observatory 
referred  to  in  last  year's  report  (p.  195).  While  there  he  and  Dr.  Nicholson 
installed  the  horizontal-intensity  variometer,  for  use  in  a  program  of  observa- 
tions of  solar  and  magnetic  conditions  in  temporary  quarters  on  the  mountain 
near  the  telescopes  used  for  solar  work,  and  designed  a  special  non-magnetic 
building  for  its  permanent  installation.  A  magnetometer-inductor  was  also 
supplied  by  the  Department  for  control  of  the  variometer  as  necessary.  The 
special  building  was  constructed  by  the  Observatory,  and  Dr.  Nicholson 
completed  the  installation  of  the  variometer  on  December  8.  It  is  expected 
to  study  the  storms  individually;  some  fine  activity  has  already  been  recorded, 
and  Dr.  Nicholson  states  the  variometer  is  now  working  perfectly.  A  report 
on  the  installation  was  made  by  Dr.  Adams  for  Dr.  Nicholson  at  the  April 
meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of  the 
American  Geophysical  Union.  Thus  the  program  looking  toward  intensive 
solar  observations  during  times  of  magnetic  disturbance  is  inaugurated  and 
promises  valuable  results,  particularly  as  Dr.  Hale's  visual  spectrohelioscope 
has  now  been  practically  developed.  It  is  hoped  that  instruments  of  Dr. 
Hale's  type  may  be  installed  at  Watheroo  and  at  Huancayo. 

During  a  visit  at  La  Jolla,  Fleming  obtained  much  valuable  information 
regarding  desirable  oceanographic  work  that  might  profitably  be  undertaken  on 
the  Carnegie,  and  received  very  generous  offers  of  cooperation  in  every  way 
possible  on  the  part  of  the  Scripps  Institution  of  Oceanography.  He  visited 
the  Tucson  Magnetic  Observatory  and  the  Meanook  Magnetic  Observatory 
to  look  into  the  feasibility  of  cooperative  programs  in  atmospheric-electric 
observations  at  both  and  in  auroral  observations  at  Meanook.  While  at 
Pasadena  he  visited  the  California  Institute  of  Technology  in  regard  to  their 
work  in  atomic  physics  and  magnetism  in  cooperation  with  the  Institution. 

The  electric  magnetometer  for  determining  all  three  magnetic  elements, 
designed  by  Professor  W.  Uljanin  of  the  Magnetic  and  Meteorological  Obser- 
vatory of  Kazan,  was  completed  with  cooperation  from  the  Department  (see 
p.  196  of  annual  report  for  1926).  Tests  at  Kazan  by  Professor  Uljanin  are 
now  to  be  made. 

Effective  field  cooperation  continues  through  the  standardizations  of  field 
instruments  for  various  governments.  Thus  we  have  determined  constants 
and  corrections  on  our  provisional  I.  M.  S.  during  the  past  year  for  the 
Hydrographic  Office  of  Sweden  and  have  promised  to  do  similar  work  for  the 
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National  Observatory  of  Brazil,  when  its  order  is  completed  for  two  mag- 
netometer-inductors to  be  used  in  extensive  magnetic-survey  operations  in 
Brazil  under  the  direction  of  that  Observatory. 

Cordial  relations,  mutually  advantageous,  have  been  maintained  with  the 
United  States  Coast  and  Geodetic  Survey  through  its  Division  of  Terrestrial 
Magnetism  and  Seismology,  and  constructive  improvements  in  magnetic 
instruments  and  methods  of  observation  and  publication  have  been  coordi- 
nated, thus  preventing  duplication  of  effort.  We  have  availed  ourselves  ex- 
tensively of  the  privilege  to  use  for  experimental  work  the  facilities  of  the 
Survey's  primary  magnetic  observatory  at  Cheltenham.  These  relations  have 
involved  not  only  direct  contact  between  our  organizations  but  also  coopera- 
tion in  dealing  with  outside  requests  for  professional  advice  and  instruction 
and  instrumental  help,  for  example,  in  the  survey  work  of  the  G.  P.  Putnam 
Baffin  Island  Expedition;  in  the  investigational  program  on  application  of 
geophysical  methods  to  determine  geological  and  ore  formations  by  the 
Michigan  College  of  Mines;  and  proposal  for  work  with  University  of  Arizona 
and  other  organizations  in  terrestrial  electricity  at  Tucson  Observatory. 

The  economic  use  of  the  accumulated  magnetic  data  is  increasingly  evi- 
denced by  the  many  requests  received  from  all  parts  of  the  world.  Thus 
data  covering  the  desert  regions  of  north  and  west  Africa  were  asked  for  by 
Spain  in  preparing  airway  charts;  the  Topographic  Survey  of  Canada  has 
utilized  our  results  in  its  recent  1927  edition  of  isomagnetic  charts  for  Canada 
and  the  high  northern  latitudes;  tabulations  of  our  cooperative  results  with 
MacMillan  in  polar  regions  have  been  utilized  by  the  American  Geographic 
Society  in  preparation  of  its  handbook  The  Polar  Regions  and  Their  Prob- 
lems; the  Godhavn  (Greenland)  Observatory  of  Denmark  has  been  supplied 
with  data  obtained  in  Greenland;  the  University  of  Liege  has  received  upon 
request  the  data  secured  by  the  Department  in  Africa,  especially  the  Belgian 
Congo;  numerous  geologists  and  engineers  have  been  given  magnetic  results 
determined  in  various  countries,  especially  South  America,  for  use  in  geo- 
physical prospecting,  and  so  on. 

OCEAN  WORK » 

VESSEL    MAINTENANCE 

The  Carnegie  was  out  of  commission  throughout  the  year.  Albert  Erickson, 
First  Watch  Officer  during  Cruise  VI,  again  began  duty  on  board  March  15. 
From  July  1,  1926,  to  May  4,  1927,  the  vessel  lay  at  the  dock  in  Washington 
of  the  Washington-Colonial  Beach  Steamboat  Company.  She  was  taken 
from  Washington  under  tow  May  4  and  delivered  May  9  at  the  yard  of  the 
Tietjen  and  Lang  Dry  Dock  Company,  Hoboken,  New  Jersey,  where  she  was 
under  repair  through  the  fiscal  year.  Repairs  on  account  of  some  dry-rot  and 
alterations  on  account  of  the  new  oceanographic  work  to  be  undertaken 
during  the  next  cruise  (VII)  were  begun  May  10,  and  good  progress  had  been 
made  by  June  30.  The  repairs  include  replacing  of  rigging,  masts  and  yards, 
ballast  and  water-tanks,  renewal  in  part  of  the  keelson,  reinforcing  of  the 
sister-keelsons,  rebuilding  of  bulkheads  and  berth-decks,  recalking  and  resheath- 
ing  with  felt  and  copper  sheathing,  and  overhauling  of  running  gear,  of  engine 
and  of  plumbing. 

1  From  the  report  of  the  chief  of  section,  J.  P.  Ault. 
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The  vessel's  hull  was  found  in  much  better  condition  than  was  expected 
from  the  examinations  made  in  1922  and  1925.  Thus  all  frames  below  water- 
line,  where  exposed  to  view,  were  sound,  and  borings  for  bolts  to  fasten  new 
keelson  showed  no  signs  of  bad  frames;  when  tanks  and  ballast  were  removed, 
all  ceiling  in  hold  was  found  in  good  condition;  all  strakes  below  water-line 
proved  sound  as  did  also  nearly  all  above  water-line.  According  to  plans, 
all  repairs,  alterations  and  new  installations  will  be  completed  by  September 
15,  1927. 

PREPARATIONS    FOR    CRUISE    VII 

Considerable  time  was  given  to  planning  the  work  for  Cruise  VII  along 
the  lines  indicated  in  broad  detail  in  the  annual  reports  for  1925  (p.  183) 
and  for  1926  (pp.  196-197).  Throughout  this  development  of  program, 
valuable  constructive  suggestions  have  been  supplied  by  the  various  cooperat- 
ing oceanographers  and  organizations,  both  in  North  America  and  abroad  as 
listed  on  page  196  of  the  annual  report  for  1926.  A  tentative  route  and 
schedule  were  outlined  for  a  cruise  of  three  years  in  all  oceans,  inquiries  were 
made  regarding  oceanographic  equipment  and  orders  were  placed.  A  special 
bronze  winch  for  handling  19,000  feet  of  aluminum-bronze  wire  4  mm.  in 
diameter  was  ordered,  and  a  special  engine  of  30  horse-power  to  operate  the 
15-kilowatt  generator  required  for  handling  the  winch.  This  equipment  is 
intended  for  securing  water-samples  and  water-temperatures  at  various 
depths  for  the  study  of  circulation  and  other  oceanic  problems.  Other  special 
equipment  ordered  includes  water-bottles,  deep-sea  reversing  thermometers, 
aluminum-bronze  wire,  materials  for  the  construction  of  a  Wenner  electric 
salinity-apparatus,  distant-recording  thermograph,  evaporation-meter,  etc. 
The  Navy  Department  is  cooperating  with  the  Institution  through  the  loan 
of  complete  equipment  for  determining  depths  by  echo-methods. 

Study  was  made  of  the  methods  for  calculating  oceanic  currents  from 
temperature  and  salinity  data,  and  special  graphs  and  tables  were  prepared 
to  expedite  calculations.  Various  other  matters  incidental  and  preparatory 
to  the  new  oceanographic  work  received  attention,  especially  the  designing 
of  new  cabin  for  the  biologist  and  of  special  biological,  chemical  and  radio 
laboratories  on  deck  and  the  rearrangement  of  deck-space  to  permit  installa- 
tion of  the  new  oceanographic  equipment. 

SPECIAL    WORK    AND    DISCUSSION    OF    DATA 

Despite  the  intensive  application  on  things  necessary  to  planning  and 
preparations  for  Cruise  VII,  Fleming  and  Ault,  primarily  for  development  of 
improved  equipment  and  technique,  have  made  a  careful  re-analysis  of  all 
data  for  reduction-factor  compilations  and  atmospheric  potential-gradient 
observations  during  Cruise  VI.  The  conclusion  drawn  is  that  the  draft  of 
the  vessel  plays  an  important  part  in  the  real  value  of  this  factor.  Values 
that  had  previously  been  thought  somewhat  unreliable  were  found  to  fall  in 
admirably  when  account  was  taken  of  draft.  Fortunately  recomputation  of 
the  potential-gradient  values,  using  factors  appropriately  corrected,  makes 
no  significant  change  in  the  general  conclusions  drawn  in  the  several  researches 
and  reports  included  in  Volume  V.  This  investigation  has  led  to  planning  and 
experimentation  with  methods  even  better  suited  for  use  on  board  ship  which 
promise  to  permit  use  of  continuous  photographic  recording  for  atmospheric 
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potential-gradient  and  conductivity  and  to  which,  with  other  researches 
for  improvements  of  instruments  and  methods  on  board,  reference  is  made 
elsewhere  in  this  report. 

LAND  MAGNETIC  SURVEY » 

MAGNETIC    VARIATIONS 

The  requirements  of  other  problems  taken  up  by  the  Department  have  made 
it  necessary  to  limit  the  amount  of  land-survey  work  undertaken  during  the 
year  closing  June  30,  1927,  to  that  of  one  observer  actively  engaged  in  the 
field,  and  to  such  opportunities  for  cooperative  work  with  other  organizations 
as  presented  themselves.  The  reoccupation  of  a  series  of  repeat-stations. dis- 
tributed over  the  western  continent  south  of  the  United  States,  including 
Mexico,  Central  America,  South  America  and  the  West  Indies,  was  com- 
pleted about  July  1,  1926,  providing  data  for  secular-variation  discussion  and 
also  some  material  for  the  study  of  diurnal  variation  of  all  the  magnetic 
elements.  A  similar  resurvey  of  Africa  was  begun  in  May  1925  and  has  been 
continued  throughout  the  past  year. 

Conditions  for  traveling  in  Africa  have  notably  improved  since  the  Depart- 
ment first  undertook  work  in  that  continent  in  1908,  in  cooperation  with  Dr. 
J.  C.  Beattie  of  Cape  Town,  and  continued  it  in  1914  and  subsequent  years 
by  its  own  observers.  But  notwithstanding  the  extension  of  railways  and  the 
opening  of  roads  suitable  for  travel  by  automobile,  progress  is  still  relatively 
slow  and  inevitable  delays  are  frequent.  By  the  end  of  June  1927  repeat- 
stations  had  been  reoccupied  along  the  coast  of  western  Africa  from  Morocco 
to  the  mouth  of  the  Congo  River,  and  along  such  routes  to  the  interior  as 
were  available.  Among  the  latter  may  be  mentioned  the  Senegal  River, 
the  Niger  River  from  its  source  through  French  Soudan  to  Cotonou  in 
Dahomey,  the  Benue  River  from  Garoua  in  Cameroun  to  its  junction  with  the 
Niger  River,  across  northern  Nigeria  from  Kano  to  Fort  Lamy  on  Lake  Tchad, 
and  through  French  Equatorial  Africa  and  Belgian  Congo  from  Fort  Lamy 
to  Boma. 

In  order  to  cover  the  territory  as  rapidly  as  possible,  consistent  with  the 
purpose  of  securing  sufficient  data  for  constructing  the  lines  of  equal  annual 
change  in  all  elements,  the  repeat-stations  are  spaced  at  comparatively  long 
distances,  but,  on  the  other  hand,  the  observations  are  generally  repeated  on  a 
second  day,  and  an  auxiliary  station  at  some  distance  from  the  original  or 
primary  station  is  also  established,  so  that  the  values  for  the  locality  are  less 
likely  to  be  affected  either  by  abnormal  values  which  may  prevail  on  the  day 
of  observations  or  by  artificial  disturbances  that  may  be  introduced  in  the 
neighborhood.  As  was  done  in  Latin  America,  the  practice  of  making 
repeated  determinations  of  each  element  at  short  intervals  throughout  the 
day,  at  stations  selected  about  500  miles  apart,  has  been  continued  in  the 
African  work.  These  12-hour  series  give  a  very  much  better  mean  value  of 
the  element  at  the  station  and  a  fair  idea  of  the  character  of  the  curve  of 
variation  for  regions  remote  from  observatories,  as  most  of  Africa  is. 

REDUCTION  OF  LAND  OBSERVATIONS 

The  land  results  for  the  years  1921  to  1926,  inclusive,  were  reduced,  pre- 
pared and  submitted  in  May  to  the  Institution  for  publication  as  a  part  of 

1  From  the  report  of  the  chief  of  section,  H.  W.  Fisk. 
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Volume  VI  of  the  Researches  of  the  Department  (see  also  p.  204).  These 
results  were  compiled  and  reported  in  the  same  general  style  as  that  used  for 
the  land  results  since  1905  published  in  volumes  I,  II  and  IV.  In  this  com- 
pilation and  accompanying  text-matter,  Fisk  has  had  the  collaboration  of 
Fleming  and  Ennis. 

COOPERATIVE   WORK 

Arrangements  for  cooperation  with  the  Government  Astronomer  of  South 
Australia  have  been  continued,  as  also  those  with  the  Liberian  Boundary 
Commission.  Two  vessels  of  the  United  States  Navy  engaged  in  hydro- 
graphic  work  have  arranged  for  cooperation  in  securing  magnetic  work  during 
the  progress  of  their  surveys.  Lieutenant  (jg)  J.  Courts  of  the  U.  S.  S. 
Niagara  obtained  observations  during  the  year  at  two  stations,  Castilletes 
and  Zapara  Island  on  the  northern  coast  of  Venezuela,  and  Ensign  S.  E. 
Latimer  of  the  U.  S.  S.  Nokomis  obtained  some  observations  of  inclination  at 
Carenero  Cayos  and  at  Cayo  Frances  on  the  northern  coast  of  Cuba.  The 
Nokomis  has  sailed  to  the  Gulf  of  Panama  for  the  coming  season  with  Lieuten- 
ant (jg)  R.  F.  Stout  in  charge  of  the  magnetic  work. 

FIELD  OPERATIONS 

The  land  work  done  during  the  year  is  summarized  in  the  following  abstract 
of  reports  received: 

Africa — At  the  close  of  June  1926,  Observer  J.  E.  Sanders  jr.  was  at  work 
along  the  Guinea  Coast  of  Africa,  having  reoccupied  stations  in  Gold  Coast 
Colony.  During  July,  because  of  the  very  unfavorable  weather  conditions  in 
the  Ivory  Coast,  only  the  stations  at  Grand  Bassam,  Bouake  and  Abidjan 
could  be  reoccupied.  In  August  work  was  attempted  in  Liberia,  though  but 
little  progress  was  possible  on  account  of  the  continual  rains  at  that  season. 
The  region  about  Cape  Palmas  was  known  to  be  locally  disturbed,  and  accord- 
ingly six  stations  in  the  immediate  vicinity  were  occupied.  The  horizontal 
intensity  was  found  to  range  from  0.280  to  0.310  C.  G.  S.  unit,  or  a  variation 
of  about  10  per  cent.  The  station  at  Cuttington,  a  few  miles  northeast  of  the 
cape,  with  a  value  of  about  0.303,  was  apparently  nearly  normal,  while  that 
at  the  repeat-station  on  Russwurm  Island  was  so  near  the  center  of  disturb- 
ance that  it  can  not  safely  be  used  in  the  secular-variation  discussion.  At 
Cuttington  diurnal-variation  observations  in  declination  and  horizontal 
intensity  were  made  August  21.  These  showed  a  range  from  morning  to 
evening  of  about  100  gammas  (0.00001  C.  G.  S.  =  one  gamma),  reaching  a 
maximum  of  30345  gammas  near  noon  from  a  value  of  about  30250  gammas  in 
the  morning  at  local  mean  time  6h  30m  when  the  observations  began,  and 
returning  to  about  the  same  value  in  the  evening.  No  observations  were 
made  during  the  night.  The  range  of  the  declination  from  the  same  observa- 
tions was  about  5  minutes  of  arc  with  a  western  maximum  about  noon. 
Southern  inclination  reached  a  (numerical)  minimum  shortly  after  llh  from 
a  maximum  in  the  early  morning,  the  range  for  the  day  of  observations, 
August  19,  being  about  7  minutes  of  arc.  Special  interest  attaches  to  these 
results  by  reason  of  their  having  been  made  at  a  station  near  the  magnetic 
equator  at  a  season  when  the  Sun  passed  near  the  zenith. 

Continued  attempt  to  work  in  Liberia  was  considered  inexpedient  on 
account  of  the  unfavorable  season,  and  Sanders  proceeded  early  in  September 
to  Lagos  and  made  preparations  to  take  up  the  projected  work  in  northern 
Nigeria.     In  order  to  take  full  advantage  of  navigation  of  the  Benue  River, 
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he  went  directly  by  steamer  to  the  head  of  navigation  of  that  stream,  and  by 
a  short  overland  journey  to  Garoua,  Cameroun,  where  Sawyer's  station  of 
1914  and  Brown's  station  of  1919  was  reoccupied.  This  was  made  a  class  I 
station  (that  is,  a  primary  magnetic  station  with  determinations  as  well  of 
diurnal  variation  in  declination  and  horizontal  intensity  in  daylight  hours  on 
one  day  and  in  inclination  on  another  day),  and  the  inclination  diurnal- 
variation  curve  obtained  by  observations  October  22  had  a  very  small  range 
and  was  quite  irregular  in  form,  as  might  be  expected  from  the  fact  that  the 
inclination  there  is  only  0?8  south.  The  observations  for  diurnal  variation 
in  horizontal  intensity  were  made  October  25,  which  was  a  disturbed  day,  so 
that  the  range  from  0.32844  C.  G.  S.  at  local  mean  time  9h  20m  down  to  0.32660 
C.  G.  S.  at  17 h  20m  is  probably  abnormal.  The  descent  of  the  river  was  made 
by  small  boat  to  permit  stops  for  observations.  Reoccupations  were  made  at 
Yola,  Amar  and  Ibi,  before  reaching  Lokoja  at  the  junction  of  the  Benue  and 
Niger  rivers.  Leaving  Lokoja  on  November  27,  he  went  to  Kano  in  northern 
Nigeria,  reoccupying  Jebba  and  Zaria  on  the  way. 

Kano  also  was  made  a  class  I  station,  and  the  comparison  between  the 
inclination  curve  obtained  December  23  with  that  obtained  at  Cuttington  is 
of  interest.  Inclination  at  Kano  is  about  6°  north,  while  that  at  Cuttington 
was  4?8  south.  The  curves  are  very  similar  in  form  and  range,  but  directly 
contrary  in  phase,  the  one  having  a  southern  minimum  where  the  other  had 
the  northern  minimum.  The  curves  of  declination  and  horizontal  intensity 
were  so  affected  by  the  disturbance  existing  on  the  day  they  were  made, 
December  27,  as  to  be  of  little  significance  when  considered  alone. 

An  overland  route  from  Kano  to  Fort  Lamy  on  Lake  Tchad  was  chosen. 
Three  stations  were  occupied  on  this  portion  of  the  journey,  those  at  Dambam 
and  Maidugari  being  new  stations  and  that  at  Dikwa  (also  spelled  Dikoa) 
the  one  previously  occupied  by  Brown  in  1919.  Soon  after  arrival  at  Fort 
Lamy  an  opportunity  was  afforded  of  going  by  lake  steamer  to  Bol  which  had 
been  occupied  in  1917  by  Sawyer.  A  new  station  was  made  en  route  on  the 
shore  of  the  lake.  After  reoccupying  the  stations  at  Fort  Lamy,  one  having 
the  class  I  program  of  diurnal-variation  observations,  Sanders  followed 
Sawyer's  route  of  1917,  but  in  the  reverse  direction,  to  Bangui.  In  order  to 
avoid  the  delays  incident  to  the  slow  transportation  on  the  river,  he  availed 
himself  of  the  automobile  transportation  recently  made  possible  and  arrived 
at  Bangui  February  24,  having  made  reoccupations  at  stations  at  Miltou, 
Fort  Archambault,  Kabo,  Fort  Crampel  and  Fort  Sibut  on  the  way.  At 
Bangui  diurnal-variation  observations  were  made  in  inclination  on  March  3 
and  in  declination  and  horizontal  intensity  on  March  5. 

From  Bangui,  Sanders  proceeded  directly  down  the  Ubangi  and  Congo 
rivers  to  Kinshasa,  Belgian  Congo,  to  secure  much-needed  supplies  and  his 
mail  with  additional  instructions  which  were  awaiting  him.  Reoccupations 
were  then  made  at  Boma,  Matadi  and  Leopoldville,  after  which  he  returned 
to  Kinshasa  in  order  to  join  a  steamer  making  the  trip  up  the  Kasai  River  and 
its  principal  tributaries.  Three  of  the  stations  established  by  D.  M.  Wise  in 
1914  in  this  region,  Luebo,  Lusambo  and  Basongo,  were  reoccupied  in  June 
1927.  His  subsequent  work  will  be  to  reoccupy  stations  in  Angola  before 
proceeding  to  Cape  Town,  where  a  cooperative  program  of  reoccupations 
throughout  the  Union  of  South  Africa,  Southwest  Africa  and  Rhodesia  is 
proposed  with  the  Department  of  Physics  of  the  University  of  Cape  Town. 

Asia — In  view  of  the  vigorous  resumption  of  the  magnetic  survey  through- 
out its  territory  by  the  U.  S.  S.  R.  through  its  National  Geophysical  Institute 
and  its  Hydrographic  Administration,  necessary  secular-variation  data  are 
being  provided  there.     Conditions  in  China  have  prevented  inauguration  of 
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the  cooperative  field  operations  planned  with  the  Department  of  Physics  of 
the  College  of  Yale  in  China,  in  which  Dr.  Chi-ting  Kwei,  head  of  the  Depart- 
ment of  Physics  of  the  College,  and  F.  C.  Brown,  formerly  observer  on  our 
staff  and  now  of  the  China  Inland  Mission,  were  to  take  part  during  the 
summers. 

Australasia — The  only  land  work  of  the  Department  during  the  year  in 
Australasia  was  that  at  the  Watheroo  Observatory  in  Western  Australia. 

North  America — The  only  observations  besides  inspection  trips  to  Tucson, 
Meanook,  and  Agincourt  observatories  and  the  observations  at  a  station  on 
Mount  Wilson  by  Fleming,  and  special  experimental  work  at  the  Cheltenham 
Observatory  of  the  United  States  Coast  and  Geodetic  Survey,  were  those 
made  at  the  Standardizing  Magnetic  Observatory  of  the  Department  in 
connection  with  standardizing  of  instruments  supplied  or  owned  by  cooperat- 
ing organizations  and  of  American-made  magnetometer-inductors  of  C.  I.  W. 
type,  for  which  tests  and  standardizations  were  requested  by  the  foreign 
governments  for  which  the  instruments  were  made. 

South  America — The  magnetic  observations  at  the  Huancayo  Observatory 
near  Huancayo,  Peru,  were  maintained  regularly.  Other  magnetic  work 
done  in  cooperation  with  surveying  work  of  the  United  States  Navy  is  in- 
dicated above. 

Arctic  regions — While  no  observations  were  made  during  the  year  in  arctic 
regions,  cooperative  arrangements  were  made,  together  with  the  United  States 
Coast  and  Geodetic  Survey,  to  provide  equipment  and  instruction  for  mag- 
netic observations  by  the  observers  of  the  Putnam  Baffin  Island  Expedition 
which  sailed  from  New  York  about  the  middle  of  June. 

OBSERVATORY  WORK » 

The  work  of  the  magnetic  and  electric  observatories  during  the  year  July  1, 
1926,  to  June  30,  1927,  may  be  summarized  briefly  as  follows : 

Watheroo  Magnetic  Observatory,  Western  Australia — The  Watheroo  Ob- 
servatory is  in  latitude  30°  19'  1  south  and  longitude  115°  52'6  east  of  Green- 
wich at  an  elevation  of  800  feet  above  sea-level.  The  magnetograph  was 
continuously  operated  and  the  necessary  routine  observations  for  the  control 
of  the  magnetograms  were  carried  out  regularly.  Complete  tabulations  of 
mean  hourly  scalings  were  prepared  and  forwarded  to  the  office  for  final 
reduction.  Tabulations  of  magnetic  character-numbers  of  days  for  the 
magnetograms  were  made  and  scalings  of  magnetic  storms  and  earthquakes 
furnished.  The  preliminary  mean  annual  values  of  the  magnetic  elements  as 
deduced  from  the  magnetograms  for  all  days  of  the  year  1926  are:  Declina- 
tion, 4°  17 '2  west;  horizontal  intensity  0.24681  C.  G.  S.  unit;  vertical  in- 
tensity, -0.51007  C.  G.  S.  unit;  and  inclination,  64°  10! 7  south.  The 
preliminary  values  of  the  annual  changes  in  the  magnetic  elements  for  1926 
are  0'A  east  in  declination,  38  gammas  decreasing  in  horizontal  intensity, 
and  2(8  south  in  inclination.  The  earthquake  records  as  obtained  on  the 
magnetograms  were  investigated  and  the  distance  of  the  epicenters  computed 
from  the  difference  in  time  between  the  arrival  of  the  P  and  S  waves.  The 
distances  were  found  to  agree  remarkably  closely  with  the  values  later  sup- 
plied from  the  Perth  Astronomical  Observatory  as  deduced  from  the  seis- 
mograms  recorded  there. 

We  continued  to  automatically  record  differences  in  earth  potentials.  The 
time-control  of  the  record  was  improved  by  the  addition  of  a  device  made  at 
the  Observatory,  which  was  later  superseded  by  a  more  elaborate  time-marker 

1  From  the  reports  of  the  Assistant  Director  and  of  the  observers-in-charge. 
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from  the  office.  The  device  consists  of  a  reservoir  pen  attached  to  the  arma- 
ture of  an  electromagnet,  which  is  actuated  hourly  by  using  a  clock  to  close 
its  circuit.  As  a  result  of  the  experimental  work  performed  in  the  previous 
year  on  the  installation  of  electrodes,  one  was  put  down  with  a  connector 
having  an  insulation-resistance  greater  than  100  megohms.  The  connectors 
on  one-half  of  the  original  electrodes  were  improved  by  this  method  and, 
during  alternate  fortnightly  periods,  records  were  obtained  from  the  original 
electrodes  and  from  the  improved  electrodes.  An  examination  of  these  series 
of  observations  has  shown  that  the  potentials  of  electrodes  placed  in  sand, 
even  of  those  within  a  few  feet  of  one  another,  vary  at  different  rates.  From 
the  earth-resistivity  observations  in  the  vicinity  it  was  possible  to  select 
electrode-positions  near  the  original  locations  where  the  highly  conducting 
layer  underlying  the  high-resistivity  sand  layer  came  comparatively  close  to 
the  surface.  Experimental  electrodes  placed  well  down  into  the  conducting 
layer  were  installed  at  two  of  these  points  and  their  potentials  have  remained 
relatively  constant,  while  their  contact-resistance  is  less  than  10  ohms  and 
the  insulation-resistance  of  their  connectors  greater  than  10  megohms. 

The  diurnal  change  in  potential  per  kilometer  on  the  east-west  line  has 
been  small.  It  was  considered  advisable,  therefore,  to  increase  the  total 
amount  of  the  diurnal  change  by  putting  in  another  electrode  at  as  distant  a 
point  as  possible  in  the  east-west  line.  A  suitable  position  was  found  at  a 
point  about  three  times  as  distant  as  the  electrode  N  from  the  common  point 
0,  and  a  pair  of  electrodes  was  placed  at  this  point,  R,  9.97  kilometers  from 
the  common  point.  It  is  hoped  that,  with  this  extension,  registration  of  the 
eastward  component  will  be  more  reliable.  In  erecting  the  aerial  line  to  con- 
nect R  to  the  atmospheric-electric  and  earth-current  building,  careful  pre- 
cautions were  taken  to  preserve  a  high  insulation-resistance,  with  the  result 
that  it  was  found  to  be  more  than  1.5  megohms  on  completion. 

The  earth-current  records  for  the  two-mile  lines  have  been  completely  re- 
duced, while  those  for  the  short  north-south  lines  have  been  reduced  for  the 
10  least-disturbed  days  each  month,  and  hourly  value  sheets  have  been  pre- 
pared for  all  of  these  data.  The  variations  in  the  diurnal  values  have  been 
computed  and  the  curves  drawn.  The  values  obtained  at  the  two-mile  points 
are  very  similar  to  those  previously  obtained;  the  well-defined  maximum  in 
the  north-south  component  which  occurs  at  approximately  midday  through- 
out the  year  shows  a  well-defined  progression  in  the  exact  time  of  the  maxi- 
mum, as  noted  by  Gish  and  Rooney  (see  annual  report  for  1926,  pp.  214-215). 
In  January  this  occurs  at  approximately  llh  local  time,  and  the  time  steadily 
grows  later  till  June,  when  the  peak  occurs  at  approximately  14 h.  From 
June  till  the  end  of  the  year  there  is  a  steady  retrogression  in  the  time  of  the 
occurrence.  There  might  thus  be  a  close  connection  between  this  and  the 
variations  of  the  Sun's  declination.  The  progression  of  the  time  of  the 
primary  maximum  is  also  corroborated  by  the  time  of  the  occurrence  of  the 
secondary  maximum. 

Hourly  values  of  atmospheric  potential-gradient  were  obtained  from  the 
electrograms  given  by  a  recording  bifilar  electrometer.  The  collector  used 
was  of  the  type  developed  by  the  Department,  but  with  an  improved  bakelite 
coat  over  the  ionium.  These  collectors  have  remained  remarkably  constant, 
though  they  have  been  exposed  to  the  elements  for  two  years.  The  reduction- 
factor  for  the  potential-gradient  apparatus  has  been  efficiently  controlled. 
By  using  the  proper  precautions  during  observations,  the  value  obtained  on 
any  one  day  never  differs  from  the  average  of  all  the  determinations  by  more 
than  the  error  of  observation.  The  reduction-factor  at  Watheroo  has  been 
very  definitely  fixed  at  1.07  with  a  probable  error  of  ±0.01.     The  average 
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value  of  the  potential  gradient  for  all  of  1926  is  77  volts  per  meter.  The 
average  in  1924  was  87,  and  in  1925  it  was  84;  thus  a  steady  decrease  is  shown. 
The  preliminary  mean  value  for  the  year  1926  for  positive  atmospheric 
conductivity  was  1.90  X  10~4  E.  S.  U.,  and  for  negative  atmospheric  con- 
ductivity 1.62  X  10"4  E.  S.  U.  The  ratio  of  X+  to  X_  for  the  year  1926  is  1.17. 
The  corresponding  values  of  the  ratio  for  the  years  1924  and  1925  are  1.08 
and  1.15.  The  low  value  for  1924  may  be  attributable  to  a  systematic  error 
in  the  scale-value  for  that  year,  when  an  account  of  the  insensitive  electro- 
meter then  in  use  was  not  as  satisfactory  as  in  later  years.  The  ratio  has 
shown  a  steady  increase  during  the  past  three  years  which  would  more 
naturally  correspond  to  an  increase  in  the  atmospheric  potential-gradient, 
instead  of  the  decrease  which  has  actually  taken  place. 

As  heretofore,  the  Observatory  functioned  as  a  first-class  meteorological 
station.  Daily  records  of  temperature  extremes,  cloudiness,  character  of 
clouds,  rainfall,  humidity  and  notes  were  maintained,  and  the  automatic 
continuous  barograms,  thermograms,  hygrograms,  sunshine  records  and 
anemograms  were  scaled  and  the  results  tabulated  for  the  investigation  of 
meteorological  conditions  and  of  their  relation  particularly  to  the  electric 
phenomena  observed. 

Cairns  has  accomplished  a  fair  amount  of  radio  work  during  the  year. 
He  presented  an  80-page  thesis  (accepted  for  his  degree  of  Master  of  Science 
by  the  faculty  of  the  University  of  Western  Australia)  giving  a  historical 
resume  of  all  the  literature  on  the  phenomena  of  fading  and  atmospheric  dis- 
turbances in  radio  signals.  A  statistical  study  of  his  observations  to  in- 
vestigate the  relationship  between  the  strength  of  radio  signals  received  and 
atmospheric  conductivity  and  atmospheric  potential-gradient  was  prepared. 
Utilizing  the  results  of  the  resistivity-survey,  he  made  observations  and 
prepared  a  paper  on  an  experimental  confirmation  of  the  influence  of  a  low- 
resistivity-layer  subsoil  on  the  forward  inclination  of  radio  waves.  Observa- 
tions have  been  made  on  atmospherics;  over  1,000  wave-forms  were  obtained 
and  drawn  and  their  direction  and  absolute  magnitude  determined.  Plans  have 
been  made  to  do  some  work  on  static  direction;  such  observational  data,  as 
indicated  in  recent  investigations  elsewhere,  may  be  of  advantage  to  mete- 
orologists, particularly  in  view  of  the  unique  location  of  the  Observatory  as 
regards  infrequently  traveled  parts  of  the  ocean  nearby  and  as  regards  its 
location  with  reference  to  the  rest  of  the  Australian  continent. 

Two  members  of  the  staff  attended  the  August  1927  meeting  of  the  Austral- 
asian Association  for  the  Advancement  of  Science  held  in  Perth  and  presented 
three  original  papers.  After  the  meeting,  some  of  the  Association  members 
from  other  States  visited  the  Observatory. 

Various  constructions  have  been  made.  An  additional  room  for  the  ac- 
commodation of  members  of  staff  has  been  furnished  in  the  auxiliary  quarters. 
The  screening  of  the  veranda  around  the  quarters  was  completed  and  partially 
louvered  in,  thus  adding  to  the  comfort  of  the  personnel.  Six  hundred  feet 
of  an  experimental  road  made  of  narrow  concrete-blocks  one  foot  wide  and 
three  inches  thick  were  laid  in  a  double  ribbon  track.  A  reinforced  concrete 
cistern  of  40,000  gallons  capacity  was  built  to  insure  sufficient  water-supply 
to  meet  reasonable  requirements. 

As  in  former  years,  Dr.  Ross,  Professor  of  Physics  at  the  University  of 
Western  Australia,  continued  to  give  the  Observatory  the  benefit  of  his  advice 
and  the  stimulating  influence  of  his  suggestions.  The  Commonwealth 
Government  has  allowed  the  importation  of  all  apparatus  and  supplies  free 
of  duty.  Commercial  firms  in  Perth  have  given  us  the  advantage  of  close 
prices. 
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H.  F.  Johnston  continued  in  charge  over  the  report  period,  and  he  was 
excellently  assisted  in  the  scientific  work  by  observers  J.  E.  I.  Cairns  and 
F.  W.  Wood,  and  on  the  mechanical  side  by  E.  A.  Watts.  Temporary 
assistance  in  the  scientific  work  was  supplied  by  two  students  in  the  Physics 
Department  of  the  University  of  Western  Australia,  S.  E.  Coalstad  and 
J.  W.  H.  Lugg. 

Huancayo  Magnetic  Observatory,  Peru — The  Huancayo  Observatory,  in 
latitude  12°  02 '7  south  and  longitude  75°  20 '4  west  of  Greenwich  at  an  eleva- 
tion above  sea-level  of  11,000  feet,  was  maintained  throughout  the  year. 
Early  in  October  1926  a  Landis  electric  master-clock,  two  secondary  Landis 
clocks  and  a  Landis  electric  program-machine  were  received.  The  master- 
clock  was  installed  on  the  south  concrete  wall  of  the  atmospheric-electric 
building  in  the  earth-current  room,  and  the  program-machine  was  mounted  in 
the  potential-gradient  room.  One  secondary  clock  was  placed  in  the  office 
and  the  other  in  the  quarters.  The  necessary  wiring  was  installed,  as  well  as 
a  temporary  hourly  line-marking  lamp  for  the  magnetograph.  On  October 
11,  1926,  trial  hourly  time-lines  were  begun  on  the  magnetograms;  after  a  few 
minor  adjustments  a  clear,  fine  line  was  obtained  which  satisfactorily  met 
the  immediate  requirements  pending  the  arrival  of  the  standard  marking- 
lamps  from  the  office.  On  April  20  new  equipment  was  received,  including  the 
standard  C.  I.  W.  design  of  potential-gradient  apparatus,  additions  to  the 
conductivity  apparatus,  experimental  C.  I.  W.  magnetograph  5,  and  Aitken 
portable  dust-counter. 

The  magnetograph  was  operated  continuously  and  the  necessary  routine 
observations  for  the  control  of  the  magnetograms  were  carried  out  regularly. 
The  old  vertical-intensity  variometer  was  replaced  by  a  new-type  improved 
Bamberg  vertical-intensity  variometer  October  22,  1926.  Complete  tabula- 
tions of  mean  hourly  scalings  were  prepared  and  forwarded  to  the  office  for  final 
reduction.  Reports  of  magnetic  character  of  days  and  descriptions  and  scalings 
of  magnetic  storms  and  of  one  earthquake  were  transmitted  to  the  office. 
The  mean  values  resulting  from  the  weekly  determinations  of  the  magnetic 
elements  for  the  year  1926  were:  Declination,  7°  55! 5  east;  horizontal  in- 
tensity, 0.29725  C.  G.  S.  unit;  vertical  intensity,  0.00604  C.  G.  S.  unit;  and 
inclination,  1°  09 '8  north.  The  annual  changes  in  the  values  of  1925  were 
thus  4'  east,  —25  gammas,  +72  gammas,  and  8'  north,  respectively.  The 
magnetogram  values  have  not  yet  been  completely  compiled. 

Installation  of  magnetograph  5  in  the  variation  observatory  for  tempera- 
ture-compensation of  regular  magnetograph  2  was  completed  May  2,  and  both 
magnetographs  have  been  in  continuous  operation  since  that  time.  For  the 
determination  of  the  temperature-coefficient  of  the  horizontal-intensity 
variometer  of  magnetograph  2,  a  range  of  temperature  from  13°  to  21°  was 
secured  in  the  variation-room,  the  higher  temperatures  by  means  of  lamps  and 
the  lower  by  opening  the  ventilators  of  the  room.  The  final  temperature- 
adjustment  was  under  way  at  the  end  of  June. 

The  atmospheric  potential-gradient  apparatus  by  Giinther  and  Teget- 
meyer  recorded  continuously  to  April  20,  with  small  occasional  loss  of  trace 
due  to  lighting  difficulties.  The  installation  of  the  new  potential-gradient 
apparatus  was  completed  April  21  and  registration  begun  the  next  day. 
Complete  automatic  insulation-test  control,  base-line  control  and  time- 
controls  by  means  of  the  Landis  program-machine  and  electric  clock  were 
installed.  After  minor  adjustments,  very  satisfactory  recording  was  es- 
tablished and  continuous  registration  has  been  maintained  since  that  time. 
Monthly  standardization  observations  were  made  when  weather  permitted. 
All  tabulations  of  potential-gradient  electrograms  were  made  and  transmitted 
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to  the  office  with  the  necessary  standardization  observations,  calibrations  and 
allied  control-observations.  ' 

The  atmospheric-electric  apparatus  for  recording  the  conductivity  was  in 
operation  with  interruptions  incident  to  overhaul  and  repair  of  the  motors 
and  switchboards  and  necessary  construction  in  the  building.  New  sub- 
stantial beds  were  placed  for  the  two  conductivity  motors.  Early  in  August 
1926  construction  was  undertaken  in  the  atmospheric-electric  building  to 
provide  a  suitable  room  for  the  earth-current  recorder.  During  the  period  of 
construction  it  was  necessary  to  discontinue  conductivity  registration.  One 
new  wooden  partition  divides  the  building  approximately  into  two  equal  parts, 
one  of  which  contains  the  conductivity  recording  apparatus.  The  other  com- 
partment was  divided  by  another  wooden  partition  into  a  small  room  for  the 
earth-current  recorder  and  the  electric  master-clock,  and  a  larger  room  for 
the  potential-gradient  apparatus  and  the  electric  program-machine.  Sub- 
stantial wooden  brackets  and  a  dust-proof  glazed  cabinet  with  suitable  doors 
were  built  for  the  earth-current  recorder.  The  additions  to  the  conductivity 
apparatus  were  mounted  April  22.  These  included  the  installation  of  a  new 
switchboard  for  the  determination  of  applied  needle-potentials  and  operating- 
potentials  and  of  hour-mark  lamps  operated  by  the  Landis  program-machine. 
After  various  adjustments  the  time-control  was  made  to  function  satisfac- 
torily, and  the  conductivity  apparatus  has  since  been  maintained  in  con- 
tinuous operation  and  the  necessary  control-observations  have  been  made 
regularly.     All  traces  were  scaled,  reduced  and  transmitted  to  the  office. 

The  preliminary  mean  values  of  the  atmospheric-electric  elements  during 
the  year  1926  (January  to  December)  are :  Potential  gradient,  47  volts  per 
meter  from  113  days  of  "0"  character  using  1.0  as  the  value  of  the  reduc- 
tion-factor pending  further  discussion  of  the  observed  values;  conductivity, 
3.9  and  4.4  E.  S.  U.  X  10~4  for  X+  and  X_,  respectively,  from  complete  records 
for  both  on  197  days. 

The  earth-current  installation  was  completed  and  registration  begun 
November  16,  1926.  The  recorder  was  maintained  in  continuous  operation 
from  that  time,  although  loss  of  record  was  occasioned  frequently  on  the 
various  lines  by  the  breakage  of  poles  and  consequent  breaking  of  the  wires 
connecting  the  instrument  and  the  electrodes.  Some  records  were  lost  for 
the  west-east  line  of  system  III  when  the  solder-wire  electrodes  were  replaced 
by  pure-lead  electrodes.  Delays  in  the  delivery  of  additional  lead  wire  for 
the  north  and  south  electrodes  of  system  III  made  it  necessary  to  continue 
registration  on  that  line  with  solder-wire  electrodes  until  May.  A  short 
interval  of  loss  of  record  on  the  north-south  line  of  system  III  was  occasioned 
during  the  installation  early  in  May  of  pure-lead  electrodes  to  replace  the 
solder  electrodes  of  that  line.  All  points  of  both  systems  (I  and  III)  now  are 
equipped  with  permanent  electrodes.  All  earth-current  traces  were  marked 
and  scaled  at  the  Observatory  and  forwarded  with  tabulations  to  the  office. 
A  brief  statement  regarding  the  results  obtained  is  given  on  page  206. 

Early  in  April  a  plane-table  survey  of  the  region  in  the  vicinity  of  the  Ob- 
servatory was  undertaken  by  R.  H.  Goddard,  with  the  occasional  assistance 
of  A.  H.  Kampe  and  the  aid  of  one  of  the  native  workmen.  This  work  was 
continued  through  April  and  early  in  May,  and  an  excellent  map  was  obtained 
defining  the  locations  and  limits  of  the  earth-current  systems  and  giving  a 
definite  idea  of  the  conformation  of  the  region.  The  length  of  the  earth- 
current  lines  as  determined  in  this  survey  are:  South-north  line  of  III,  11,150 
feet  (3,398.5  meters);  west-east  line  of  III,  10,539  feet  (3,212.3  meters); 
south-north  line  of  I,  9,363  feet  (2,853.8  meters);  west-east  line  of  I,  7,924 
feet  (2,415.2  meters). 
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Scaling  and  tabulation  of  all  barograms,  anemograms  and  sunshine  records 
were  accomplished  and  the  finished  results  forwarded  to  the  office.  Beginning 
January  1,  1927,  tabulation  of  wind-direction  as  well  as  velocity  was  begun. 

In  anticipation  of  the  work  on  radio  signal-intensity  measurements  with 
improved  apparatus  (see  p.  171),  a  small  wooden  building  to  house  the 
necessary  equipment  was  begun  in  April  and  completed  in  June. 

The  Ford  car  and  Delco  electric  plant  were  maintained  in  good  operating 
condition.  Buildings  and  equipment  about  the  grounds  were  kept  in  repair 
and  repainted  as  required.  Late  in  November  1926  two  new  Willard  32- 
volt  storage  batteries  were  received,  assembled  carefully  and  put  in  com- 
mission. 

Special  potential-gradient  observations  were  begun  May  1  by  W.  C.  Park- 
inson, consulting  magnetician.  The  Gunther  and  Tegetmeyer  recording 
electrometer  and  stretched-wire  method  were  used  in  the  work.  One  week 
was  spent  at  field  station  B  on  the  Observatory  grounds,  and  a  week  of  simul- 
taneous record  was  obtained  for  comparison  with  the  standard  C.  I.  W. 
atmospheric  potential-gradient  apparatus  in  the  atmospheric-electric  building. 
Hourly  mean  values  for  both  field  station  and  atmospheric-electric  building 
were  worked  out  for  the  period  and  suggested  interesting  possibilities  in 
regard  to  diurnal  variation  and  reduction-factor.  Additional  observations  on 
the  same  location  are  being  contemplated.  A  period  of  three  weeks  was 
spent  on  a  hill  a  short  distance  north  of  the  Observatory  and  at  approximately 
500  feet  greater  elevation.  This  was  followed  by  a  period  of  four  weeks  on 
the  mountain-top  to  the  south  of  the  Observatory  and  at  2,200  feet  greater 
elevation,  or  an  elevation  of  more  than  13,000  feet  above  sea-level.  The 
records  were  worked  up  and  indicated,  in  the  initial  results,  much  greater 
diurnal  range  than  obtains  at  the  Observatory. 

Parkinson  has  made  also  several  series  of  photographs  of  lightning  dis- 
charges to  supply  material  for  the  study  of  the  sign  of  the  discharge  as 
initiated  by  Simpson;  such  photographs  may  be  valuable  particularly  as 
Simpson's  work  has  been  done  at  sea-level  and  in  the  temperate  zones,  while 
the  data  at  the  Observatory  apply  for  an  elevation  above  sea  of  11,000  feet 
and  in  the  torrid  zone. 

Dust-count  observations  were  begun  in  May  and  carried  out  by  Parkinson 
in  connection  with  the  special  potential-gradient  observations.  In  June 
observations  were  made  at  the  Observatory  and,  if  any  conclusions  may  be 
drawn  from  a  very  limited  number  of  observations,  the  dust-content  of  the 
air  in  the  vicinity  of  the  Observatory  is  generally  low. 

The  Nutrition  Laboratory  of  the  Institution,  in  view  of  the  unique  oppor- 
tunity offered  at  and  near  Huancayo,  asked  cooperation  of  the  staff  to  obtain 
data  for  the  extension  of  the  investigation  of  the  racial  factor  in  metabolism. 
O.  W.  Torreson  spent  several  weeks  during  January  at  the  Laboratory  in 
Boston  to  receive  instruction  in  the  observational  technique  and  took  with 
him  to  Huancayo  the  necessary  apparatus.  The  officials  of  the  Cerro  de 
Pasco  Corporation  in  Peru  have  promised  assistance  in  this  work. 

R.  H.  Goddard  continued  as  observer-in-charge  to  April  1,  1927,  when  he 
was  relieved  by  O.  W.  Torreson,  who  arrived  at  the  Observatory  on  March 
12,  1927;  Goddard  left  for  the  office  May  13,  1927.  A.  H.  Kampe  continued 
on  the  staff  as  observer,  rendering  valuable  service  at  all  times.  M.  T. 
Quintana  continued  as  aid.  On  July  3,  1926,  W.  C.  Parkinson,  consulting 
magnetician,  and  family  arrived  at  the  Observatory. 

The  Government  of  Peru,  as  heretofore,  has  extended  the  privilege  of  free 
entry  of  the  equipment  and  supplies  used  at  the  Observatory  and  has  shown 
continued  interest  in  the  scientific  program.     Grateful  acknowledgment  must 
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also  be  made  to  the  local  government  authorities  and  officers  for  valuable  and 
extended  assistance  in  many  ways.  The  good  offices  of  the  Embassy  of  the 
United  States  in  Lima  have  been  of  material  help  also  in  maintaining  the 
program. 

Apia  Observatory ,  Western  Samoa — The  active  cooperation  of  the  Depart- 
ment with  the  Apia  Observatory  has  been  continued.  As  in  previous  years, 
the  financial  support  of  this  institution,  devoted  to  geophysical  investigation 
in  the  South  Pacific,  has  been  provided  by  subsidies  from  the  Department  of 
External  Affairs  of  New  Zealand,  the  British  Admiralty,  and  the  Depart- 
ment of  Terrestrial  Magnetism.  In  July  1926,  the  Observatory  was  placed 
under  the  general  control  of  the  recently  organized  Department  of  Scientific 
and  Industrial  Research  (Dr.  E.  Marsden,  secretary),  guided  by  an  Honorary 
Board  of  Advice  composed  of  New  Zealand  scientists.  Andrew  Thomson, 
formerly  associate  physicist  for  the  Department,  has  continued  as  director  of 
the  Observatory,  with  C.  J.  Westland  as  assistant  director  and  R.  C.  Hayes 
as  scientific  assistant. 

The  aid  from  the  Department  of  Terrestrial  Magnetism  has  been  primarily 
to  insure  continuity  of  the  atmospheric-electric  program  which  has  been 
maintained  for  a  longer  period  than  for  any  other  station  in  the  southern 
hemisphere.  Except  for  a  few  brief  interruptions  due  to  a  breakdown  of  the 
insulation  of  the  recording  apparatus,  the  records  of  the  atmospheric-electric 
potential  at  the  station  in  the  Observatory  grounds  have  been  unbroken 
throughout  the  year.  These  have  been  reduced  to  the  values  on  a  plane 
surface  and  grouped  according  to  the  duration  of  negative  electricity.  For 
the  selected  quiet  days  with  complete  records,  totaling  160,  in  which  the  air 
continued  positively  charged  in  reference  to  the  Earth,  the  average  potential- 
gradient  was  116.4  volts  per  meter;  the  highest  mean  monthly  value  was 
132.5  volts  per  meter  for  July  and  the  lowest  96.7  volts  per  meter  for  April. 
These  values  are  based  on  the  reduction-factor  1.00,  which  is  perhaps  5  to  7 
per  cent  low. 

The  observing  house  erected  in  1924  on  cement  piers  in  the  shallow  off- 
shore water  withstood  the  severe  cyclone  of  January  1,  despite  its  exposed 
position.  The  center  of  this  cyclone  passed  within  15  miles  and  caused  wide- 
spread damage  to  buildings  and  plantations.  Unfortunately  the  potential 
records  in  this  lagoon  station  are  not  complete  owing  to  the  difficulty  of 
maintaining  perfect  insulation  at  all  times  of  the  sulphur-insulated  mounting 
for  the  apparatus  which  apparently  functioned  so  well  in  the  beginning. 
Especially  in  stormy  weather  in  the  wet  season,  spray  penetrates  the  house 
and  the  high  waves  set  up  in  the  lagoon  make  it  perilous  for  observers  to  row 
across  to  the  house  to  make  the  necessary  repairs  to  the  apparatus.  In  the 
dry  season,  which  lasts  from  May  to  October,  the  records  showed  that  the 
potential  gradient  went  through  the  same  daily  fluctuations  as  at  the  station 
in  the  Observatory  grounds.  The  unique  feature  of  the  Carnegie  observations 
on  the  open  ocean  of  a  single  daily  maximum  was  not  found  at  the  lagoon 
station,  notwithstanding  its  maritime  exposure. 

Continuous  tidal  records  have  been  obtained  from  the  lagoon  station  and 
the  hourly  values  scaled  from  the  marigrams.  The  harmonic  analysis  of  the 
tidal  data  for  the  period  June  1,  1924,  to  May  31,  1925,  was  completed  by  the 
United  States  Coast  and  Geodetic  Survey.  The  constants  determined  have 
shown  that  both  solar  and  lunar  components  are  important  in  the  tide  at 
Apia,  whereas  at  Tahiti  and  at  New  Zealand  harbors  the  solar  components 
largely  predominate. 

The  records  of  the  high-power  wireless  station  at  Apia  have  been  carefully 
reduced  for  the  past  two  years  to  obtain  the  annual  and  diurnal  variation  of 
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the  intensity  and  character  of  static  disturbance.  The  investigation  has 
shown  that  the  intensity  or  loudness  of  the  static  is  practically  constant 
throughout  the  day.  During  the  evening  and  night  hours,  from  6  p.  m.  to 
4  a.  m.,  the  disturbance  is,  however,  more  nearly  continuous  than  in  the 
daytime. 

The  meteorological  activities  of  the  Observatory  have  been  extended,  and 
two  important  stations  established  in  the  Union  Islands  (9°  south).  One  of 
these  stations  sends  a  daily  wireless  report  to  Apia  which  has  already  been 
found  of  use  to  shipping  and  may  be  of  capital  importance  in  giving  timely 
warning  to  the  Samoa  and  Cook  islands  of  the  development  of  cyclones. 
A  system  of  visual  storm-signals  for  Apia  has  been  established.  An  article 
on  cyclones  in  the  South  Pacific  during  1924-1925  was  prepared  for  the  Quar- 
terly Journal  of  the  Royal  Meteorological  Society.  Notes  regarding  the 
magnetic  storms  and  values  have  been  prepared  for  publication,  and  state- 
ments of  magnetic  character  of  days  have  been  forwarded  regularly  to  Com- 
mission for  Terrestrial  Magnetism  and  Atmospheric  Electricity  of  the  Inter- 
national Meteorological  Committee.  The  report  on  the  magnetic  results  for 
1926  is  being  prepared  for  publication  in  1928.  The  preliminary  values  for 
January  to  December  1926  are:  Declination,  10°  26 '.1  east;  horizontal  in- 
tensity, 0.35216  C.  G.  S.  unit;  vertical  intensity,  -0.20446  C.  G.  S.  unit. 
The  magnetic  results  for  the  years  1912  to  1920  have  now  been  compiled  by 
Dr.  Angenheister,  and  arrangements  are  being  made  by  Dr.  Marsden  for 
their  publication. 

The  investigation  by  pilot  balloons  of  the  velocity  and  direction  of  the  south- 
east trades  and  anti-trades  have  been  continued.  In  view  of  the  possibility 
of  trans-Pacific  aviation,  these  data  are  now  of  additional  practical  impor- 
tance. The  southeast  trade-winds  have  been  found  to  have  their  greatest 
velocity  within  3,000  feet  of  the  surface.  Above  this  level  the  easterly  wind- 
component  decreases  regularly  with  increasing  height  until  at  15,000  feet  the 
winds  change  in  direction  from  east  to  west.  The  westerly  winds  are  found 
to  have  their  maximum  velocity  at  a  height  of  40,000  feet,  probably  in  the 
tropopause.  A  paper  discussing  these  observations  was  prepared  for  the 
Third  Pan-Pacific  Science  Congress  at  Tokyo  and  read  by  Dr.  C.  Coleridge 
Farr. 

Washington,  United  States — The  experimental  atmospheric-electric  observa- 
tory on  the  deck  of  the  Laboratory  at  Washington  was  continued  under  the 
direction  of  the  Section  of  Experimental  Work  in  Terrestrial  Electricity. 
Daily  photographic  records  of  the  potential  and  of  the  negative  conductivity 
of  the  atmosphere  were  96  and  81  per  cent  complete,  respectively.  The  dis- 
turbance caused  by  building  and  real-estate  operations  in  the  immediate 
neighborhood  of  the  Laboratory  have  been  more  troublesome  in  the  past  year 
than  heretofore.  Two  redeterminations  in  August  and  June  of  the  reduction- 
factor  for  the  atmospheric  potential-gradient  records  gave  the  value  1.06,  in 
good  agreement  with  previous  determinations;  because  of  some  insulation 
troubles  and  inactivity  of  the  collector  (subsequently  replaced),  values  deter- 
mined in  March  gave  a  mean  of  1.2,  which  was  rejected.  The  provisional 
mean  value  of  the  atmospheric  potential-gradient  determined  from  137 
daily  records  of  "0"  character  for  the  calendar  year  1926  was  158.8  volts  per 
meter,  this  being  based  on  the  reduction-factor  1.05. 

The  investigations  and  control  of  magnetic  standards  in  the  Standardizing 
Magnetic  Observator}^  have  been  continued,  thus  maintaining  our  unique 
and  lengthy  series  of  data  for  continuity  and  discussion  of  the  constancy  and 
behavior  of  the  standard  instruments.  The  discussion  of  these  data  confirm 
the  deductions  drawn  in  previous  reports  as  regards  maintenance  and  precision 
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of  our  standards.  Besides  comparisons  with  the  Department's  standard 
instruments  for  magnetometers  of  the  United  States  Navy  parties  with  which 
we  have  cooperated,  determinations  of  constants  and  corrections  on  our 
provisional  I.  M.  S.  have  been  made,  upon  request  of  the  Hydrographic  Office 
of  Sweden,  for  magnetometer-inductor  108  made  by  the  Precise  Instrument 
Company  after  C.  I.  W.  design  for  that  Office.  C.  I.  W.  magnetometer- 
inductor  27  was  compared  with  the  standards  upon  its  return  from  the  field 
work  in  South  America.  C.  I.  W.  magnetometer-inductor  13  and  inductor 
171  (converted  dip-circle),  assigned  for  special  investigations  of  application 
of  magnetic-survey  methods  to  the  study  of  geological  formations  in  the  iron 
and  copper-bearing  regions  of  the  Keweenaw  Peninsula,  Michigan,  by  the 
Michigan  College  of  Mines,  have  been  compared. 

REDUCTION  AND  PUBLICATION  OF  OBSERVATORY  RECORDS 

Magnetic  records — Preparation  of  the  manuscript  giving  the  results  of  the 
final  reductions  of  the  magnetic  records  obtained  at  the  Watheroo  Observa- 
tory, for  publication  by  the  Institution  as  Volume  VII  of  the  Department's 
Researches  was  continued  in  charge  of  Dr.  Edmonds.  Although  he  had  the 
assistance  of  Wallis  and  Goldsmith  and  of  Miss  Balsam  for  part  time  only, 
excellent  progress  has  been  made  and  the  manuscript  is  being  extended  to 
include  the  eight  years,  1919  to  1926.  All  reductions  were  practically  com- 
plete June  30,  as  well  as  all  tabulations  of  hourly  data  for  direct  reproduction 
except  for  part  of  the  horizontal-intensity  and  all  of  the  vertical-intensity 
tabulations  for  the  years  1925  and  1926. l  Edmonds  and  Fleming  are  now 
working  on  the  accompanying  text-matter,  tables  presenting  diurnal-variation 
data  and  results  of  Fourier  analyses  of  the  several  mean  groupings  for  such 
data,  and  the  illustrations. 

The  reductions  for  the  magnetic  data  obtained  at  the  Huancayo  Observa- 
tory are  begun  and  publication  will  follow  that  for  Watheroo. 

Tabulations  of  magnetic  character-numbers  of  days  for  the  magnetograms 
obtained  at  the  Watheroo  and  Huancayo  observatories  were  forwarded 
regularly  to  Dr.  Van  Dijk  for  publication  by  the  Commission  for  Terrestrial 
Magnetism  and  Atmospheric  Electricity  of  the  International  Meteorological 
Committee. 

The  valuable  magnetograms  obtained  by  the  MacMillan  Baffin  Island  and 
North  Greenland  expeditions  of  1921  to  1922  and  1923  to  1924  are  being 
reduced  for  publication  by  W.  F.  Wallis.  Despite  numerous  interruptions, 
these  compilations  were  nearly  completed  at  the  end  of  June.  The  results 
promise  to  be  of  great  interest,  particularly  when  taken  in  conjunction  with 
the  observations  obtained  by  the  Maud  Expedition. 

In  October,  Sverdrup  completed  his  reductions  of  the  magnetic  declina- 
tion records  obtained  on  the  Maud  Expedition,  1918  to  1925.  His  manuscript 
and  illustrations  have  been  carefully  revised  by  Fleming  and  Ennis,  and  are 
now  in  course  of  printing  as  part  of  Volume  VI  of  the  Department's  Researches 
(see  p.  210). 

Electric  records — Naturally  the  pioneer  work  of  installation  and  correction 
of  defects  incident  to  first  work  of  newly  designed  apparatus,  as  in  the  case  of 
the  atmospheric-electric  and  earth-current  electrographs  at  the  two  observa- 
tories, have  taken  time  that  otherwise  could  be  used  in  final  compilations  of 

1  These  were  completed  early  in  August  1927. 
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the  records.  That  the  control  exercised  at  the  office  (see  pp.  172)  has  been 
effective  in  correcting  electrical  and  mechanical  defects  is  indicated  by  the 
small  total  of  hours  now  lost  in  records  on  these  accounts. 

The  preparation  of  final  tabular  manuscript  giving  the  atmospheric-electric 
data  is  now  under  way  for  both  the  Huancayo  and  Watheroo  observatories 
and  much  has  been  accomplished  during  the  year  by  Wait  and  Torreson  in 
this  work.  Detailed  and  critical  investigation  has  been  made  by  them  of 
the  conductivity  scale-value  and  calibration  data  since  inauguration  of  the 
recording  at  both  observatories,  and  adjusted  values  have  been  adopted. 
Torreson's  discussion  of  the  Huancayo  conductivity  records  showed  that  the 
resulting  data  since  June  1924  are  accurate  to  within  5  per  cent,  those  from  the 
beginning  in  November  1923  to  May  1924  being  of  less  accuracy.  The 
compilation  of  the  calibration  data  for  the  Watheroo  records  as  reported  by 
Wait  indicates  that,  while  for  the  early  records  beginning  in  September 
1922  the  accuracy  may  not  be  better  than  15  per  cent,  there  has  been  gradual 
improvement,  and  that  now  the  results  may  be  relied  upon  to  within  less  than 
5  per  cent. 

Special  compilations  and  discussion  of  the  potential-gradient  reduction- 
factor  data  for  the  experimental  observatory  at  Washington  during  1920  to 

1925  were  made  by  Fleming,  by  the  aid  of  which  the  Washington  results  may 
be  reduced.     The  reduction-factor  determinations  obtained    by  Wait  in 

1926  and  1927  have  been  quite  satisfactory  (see  p.  189).  In  view  of  the 
increasing  artificial  disturbances  in  the  region  of  the  observatory,  it  is  con- 
templated to  publish  only  data  computed  for  "0"  days  at  Washington. 

Now  that  these  critical  studies  have  been  made  for  the  three  observatories, 
the  preparation  of  the  final  results  for  publication  can  be  forwarded  rapidly. 

As  elsewhere  reported,  the  atmospheric  potential-gradient  and  auroral 
results  of  the  Maud  Expedition  have  been  compiled  and  discussed  by 
Sverdrup,  with  assistance  from  Ennis  and  Fleming,  and  are  now  in  press. 

INSTRUMENT  WORK  AND  BUILDINGS1 

The  time  of  the  shop  personnel,  totaling  some  9,700  hours,  was  expended 
chiefly  in  the  extensive  experimental  equipment  required  for  the  development 
of  (a)  high-potential  work,  (6)  special  electromagnetic,  atmospheric-electric, 
and  oceanographic  instruments  of  new  design  for  use  on  the  Carnegie  during 
Cruise  VII,  and  (c)  improved  apparatus  for  time-control,  for  scale-value 
control,  and  for  temperature-compensation  at  the  observatories. 

Under  (a)  the  most  important  items  included  a  synchronous  rectifier, 
special  switchboard  and  power  supply  of  50-K.V.A.  capacity,  insulated 
supports  and  frames  for  special  condenser,  installation  in  the  Experiment 
Building  of  a  7-ton  pressure  tank  with  platform  and  a  1,500-gallon  oil  storage 
tank  with  concrete  base  and  supports.  A  large  part  of  (6)  was  concerned  with 
the  investigation  of  the  earth  inductor  rotating  at  constant  speed  for  the 
determination  (1)  of  inclination  using  slip-ring  and  amplification  and  (2)  of 
horizontal  and  vertical  intensity  using  commutator  and  potentiometer.  The 
important  improvements  under  (c)  have  been  concerned  with  application  of 
the  electric  master-clock  and  program-machine  to  automatic  controls. 
Miscellaneous  work  included  design  of  signal-intensity  apparatus,  improve- 

1  From  report  of  electrical  engineer  in  charge  of  shop,  C.  Huff. 


192  CARNEGIE    INSTITUTION    OF   WASHINGTON 

ment  of  earth-resistivity  meter,  improved  driving  clocks  for  recorders,  im- 
provements in  five  Aitken  dust-counters,  and  routine  matters  relating  to 
maintenance  of  field  instruments,  of  storage-batteries  and  other  laboratory- 
equipment  and  of  buildings  and  site  at  Washington. 

Three  complete  observatory-type  recording  potential-gradient  apparatuses 
were  completed  during  the  year.  This  involved  the  design  and  construction 
of  new  instruments,  together  with  auxiliary  units  such  as  new-type  recording 
and  time-mark  lamps,  calibrating  switchboards  and  time-control  switch- 
boards for  both  conductivity  and  potential-gradient  apparatuses.  One  com- 
plete set  shipped  to  Huancayo  is  now  in  operation  and  another  is  at  Watheroo 
for  installation.  Signal-intensity  apparatuses  1  and  2  with  tuning-fork 
oscillators  were  completed  for  use  at  the  two  observatories.  Satisfactory  time- 
duration  relays  were  designed  and  constructed  for  use  with  the  master-clocks 
and  program-machines  which  are  in  operation  at  the  Huancayo  Observatory 
and  also  at  Washington. 

The  physical  equipment  of  the  main  laboratory  has  been  enhanced  by  the 
installation  of  two  mercury-vapor  rectifiers  for  battery  charging,  by  the 
installation  of  city  gas,  including  changing  in  piping  in  the  main  building  and 
the  substitution  of  brass  pipe  for  the  bituminous-fiber  pipe  which  had  been 
used  in  carrying  gas  to  the  Standardizing  Magnetic  Observatory,  and  by  the 
installation  of  an  automatic  radio  time-signal. 

Considerable  time  was  devoted  to  the  preparation  of  the  annual  exhibit 
and  also  to  the  shipment  of  equipment  and  supplies  to  the  Huancayo  and 
Watheroo  observatories.  The  Carnegie  model  was  removed  from  the  Ad- 
ministration Building  and  suitably  mounted  in  the  entrance  hall  of  the 
Laboratory. 

Many  inquiries  from  foreign  governmental  bureaus,  universities  and  indi- 
viduals planning  magnetic  and  atmospheric-electric  investigations,  relating 
to  the  design  of  magnetometers,  earth  inductors,  atmospheric-electric  instru- 
ments, and  magnetic  and  electric  recording  apparatus,  have  been  answered. 
In  many  cases  detailed  memoranda  and  working  blue-prints  have  been 
supplied.  Instructions  regarding  the  Department's  methods  of  making 
strictly  non-magnetic  brass  castings  and  of  testing  for  magnetic  impurities 
were  supplied  upon  request  to  the  Randal  Morgan  Laboratory  of  Physics  of 
the  University  of  Pennsylvania. 

MISCELLANEOUS  ACTIVITIES 

International  and  national  unions  and  commissions — Bauer  continued  as 
Secretary  and  Director  of  the  Central  Bureau  of  the  Section  of  Terrestrial 
Magnetism  and  Electricity  of  the  International  Geodetic  and  Geophysical 
Union.  Bulletin  No.  6  of  the  Section  was  published  and  reports  on  the  Depart- 
ment's work,  1924-1927,  were  prepared,  with  the  collaboration  of  the  staff, 
for  the  Prague  Assembly,  September  1927.  Bauer  has  given  further 
attention  to  matters  referred  to  him  by  the  Committee  appointed  by  the 
International  Research  Council  for  the  Study  of  Solar  and  Terrestrial  Rela- 
tionships to  formulate  a  scheme  for  proposed  international  cooperative  in- 
vestigations of  the  relationships  between  magnetic  disturbances  and  solar 
phenomena,  and  has  submitted  progress  reports.     As  a  member  of  the  Com- 
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mission  for  Terrestrial  Magnetism  and  Atmospheric  Electricity  of  the  Inter- 
national Meteorological  Committee,  he  also  prepared  comments  on  the  agenda 
for  the  meeting  of  that  Commission  held  at  Zurich,  September  17,  1926. 

Bauer,  Breit  and  Mauchly  took  active  part  as  members  of  the  committees 
of  the  American  section  of  the  International  Union  of  Scientific  Radio- 
telegraphy  on  Atmospheric-Electric  Disturbances,  Variations  of  Radio-Wave 
Direction  and  on  Radio- Wave  Transmission.  Breit  is  Chairman  of  the 
Committee  on  Radio- Wave  Direction. 

Relations  have  been  maintained  with  and  information  supplied  to  the 
National  Research  Council  by  various  members  of  the  Department.  Bauer 
continued  to  serve  as  a  member  of  the  Division  of  Foreign  Relations  of 
the  Council.  Fleming  is  a  member  of  the  committee  of  the  American  Geo- 
physical Union  to  advise  with  the  Division  of  Physical  Sciences  of  the  Council 
in  the  preparation  of  special  bulletins  on  geophysical  methods,  instruments 
and  results;  Gish  and  Mauchly  are  members  of  two  subsidiary  committees  of 
the  Division  concerned  with  the  preparation  of  these  bulletins. 

At  the  Berlin  meeting  in  November  of  the  International  Society  for  the 
Exploration  of  the  Arctic  by  Airship,  Bauer  was  elected  a  member  of  the 
council  of  that  Society  as  one  of  the  vice-presidents,  the  president  being 
Professor  Fridjhof  Nansen.  The  membership  of  this  organization,  about  200, 
includes  representatives  from  19  countries  interested  in  the  furtherance  of 
scientific  investigations  in  the  Arctic  regions. 

Members  of  the  staff  took  active  part  in  the  work  of  the  American  Geo- 
physical Union,  Bauer,  Fleming  and  Ault  serving  as  members  of  its  Executive 
Committee.  Fleming  continued  as  General  Secretary  of  the  Union  and  as 
Secretary  of  its  Section  of  Terrestrial  Magnetism  and  Electricity;  Ault 
was  Chairman  of  the  Committee  on  Meetings.  Ault,  Bauer,  Breit  and 
Gish  of  the  regular  staff  and  G.  W.  Pickard,  Research  Associate,  presented 
papers  at  the  annual  assembly  of  the  Union  held  April  28  and  29.  The 
transactions  of  the  eighth  annual  assembly  of  the  Union  and  of  its  sections 
were  edited  and  prepared  for  publication  by  Fleming  and  issued  in  July  1927 
as  Bulletin  No.  61  of  the  National  Research  Council  (297  pages  and  71 
illustrations).  This  publication  is  of  particular  interest  to  the  Department 
because  of  the  correlative  studies  reported  upon  between  solar  activity, 
activity  of  the  Earth's  magnetism  and  electricity,  and  radio  transmission. 

Peters  has  been  senior  editor  of  the  Journal  of  the  Washington  Academy 
of  Sciences  since  January,  and  Breit  has  served  during  the  year  as  one  of  the 
Board  of  Editors  of  the  Physical  Review.  Ault  was  elected  President  of  the 
Philosophical  Society  of  Washington  at  its  annual  meeting  in  December.  He 
also  was  commissioned  Lieutenant  Commander  of  the  United  States  Naval 
Reserve  on  May  18. 

Staff  conferences,  colloquiums — Stimulating  meetings  of  the  investigatory 
staff  were  held  during  the  year  to  discuss  progress  in  the  Department's  fields 
of  geophysics  and  in  matters  pertaining  to  interested  national  and  interna- 
tional bodies.  Among  those  addressing  these  meetings  were  G.  W.  Pickard, 
Research  Associate,  his  subject  being  "Result  of  recent  radio-reception  meas- 
urements;" Dr.  E.  0.  Hulburt  of  the  Naval  Research  Laboratory,  who  spoke 
on  "Absorption  of  radio  waves  in  the  upper  atmosphere,"  and  Commander 
N.  H.  Heck  of  the  Coast  and  Geodetic  Survey,  who  gave  an  account  of  the 
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magnetic  work  seen  and  institutions  visited  by  him  while  attending  the  Third 
Pan-Pacific  Science  Congress  at  Tokyo.  The  weekly  evening  colloquium 
on  atomic  physics  has  been  a  source  of  helpful  and  constructive  discussion  and 
criticism  in  that  rapidly  developing  field;  among  the  visitors  favoring  the 
colloquium  with  talks  were  Dr.  E.  P.  Hubble  of  the  Mount  Wilson  Observa- 
tory and  Dr.  E.  Schrodinger  of  Zurich.  The  interest  in  this  colloquium 
is  evidenced  by  the  fact  that,  in  addition  to  members  of  the  Department, 
postgraduate  students  of  Johns  Hopkins  University  and  members  of  staff  of 
the  Bureau  of  Standards,  Naval  Research  Laboratory,  Fixed  Nitrogen 
Research  Laboratory,  Baltimore  Gas  and  Electric  Company  and  the  Geo- 
physical Laboratory  have  taken  part. 

Exhibits — The  contribution  of  the  Department  in  December  1926  to  the 
annual  exhibit  of  the  Institution  at  the  Administration  Building  included: 

1.  Electrograph  for  recording  the  electric  potential-gradient  of  the  atmos- 
phere, with  electric  clock  and  program-machine  for  automatically  controlling 
and  testing  the  continuous  photographic  record,  and  demonstration. 

2.  Apparatus  to  show  effects  of  atmospheric  pollution  of  electric  potential- 
gradient,  with  devices  to  determine  dust-content  of  the  atmosphere,  and 
demonstration. 

3.  Transparencies  showing:  (a)  Relations  of  atmospheric  electricity  to  solar 
conditions  and  to  local  conditions;  (6)  types  of  aurora,  their  frequency,  and 
their  relations  to  atmospheric  potential-gradient  and  terrestrial  magnetism. 

The  Department  was  represented  during  the  year  on  the  special  Committee 
on  Exhibits  of  the  Institution  by  Fleming  and  Ault,  the  latter  being  Chairman 
of  the  Committee. 

The  Department  also  shared  in  the  geophysical  exhibit  held  in  connection 
with  the  annual  assembly  of  the  American  Geophysical  Union  at  the  building 
of  the  National  Research  Council  and  National  Academy  of  Sciences  in 
Washington. 

Lectures — In  addition  to  the  lectures  indicated  in  the  abstracts  in  the 
latter  part  of  this  report,  Sverdrup  delivered  a  number  of  lectures  on  the 
results  of  the  Maud  Expedition  before  geographical  societies  at  Copenhagen, 
Dresden,  Berlin  and  Lund  (Sweden)  during  the  winter.  Fleming  talked  at  a 
staff  conference  of  the  Scripps  Institution  of  Oceanography  at  La  Jolla, 
August  16,  giving  details  of  the  proposed  cruises  of  the  Carnegie  and  of  the 
proposed  program.  Addresses  prepared  by  the  Director  and  by  Ault,  dealing 
with  the  Carnegie's  past  and  future  programs  were  presented  before  the  Third 
Pan-Pacific  Science  Congress  at  Tokyo  in  October. 

Library  work — The  number  of  accessions  during  the  year  was  663,  making 
the  total  of  accessioned  publications  15,176.  A  large  number  of  cards  in  the 
old  index,  representing  articles  which  appeared  in  scientific  periodicals  prior 
to  1913,  have  been  checked,  reclassified  according  to  the  revised  library 
classification,  and  filed  in  the  new  index.  As  in  previous  years,  all  articles 
dealing  with  atmospheric  electricity,  polar  lights,  earth-currents,  terrestrial 
magnetism  and  other  geophysical  subjects  appearing  in  current  scientific 
periodicals  (of  which  over  75  are  regularly  received)  have  been  carded,  classi- 
fied and  incorporated  in  the  library  catalog.  The  library's  revised  system  of 
classification  has  been  extended,  on  the  basis  of  the  classification  in  use  at  the 
Library  of  Congress,  to  include  detailed  subdivisions  of  the  subject  of  ocean- 
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ography  in  order  to  provide  for  the  contemplated  expansion  of  the  Carnegie's 
work  in  that  field. 

The  librarian,  H.  D.  Harradon,  has  continued  the  preparation  of  lists  of 
publications  dealing  with  terrestrial  and  cosmical  magnetism  and  electricity 
for  the  bibliographical  section  of  the  Journal  of  Terrestrial  Magnetism  and 
Atmospheric  Electricity.  He  has  also  edited  manuscripts  in  foreign  languages, 
prepared  abstracts  and  notes  and  made  translations  from  various  languages, 
especially  from  Russian,  since  during  the  year  the  notable  recrudescence  of 
scientific  activity  in  the  U.  S.  S.  R.  has  been  particularly  reflected  in  the  publica- 
tions on  geophysics.  The  librarian  has,  furthermore,  assumed  the  responsi- 
bility of  editing  and  proof-reading  the  foreign  portion  of  Bulletin  6  of  the 
Section  of  Terrestrial  Magnetism  and  Electricity  of  the  International  Geodetic 
and  Geophysical  Union. 

Details  regarding  the  classification  and  filing  systems  of  the  Department 
were  prepared,  upon  request,  for  use  of  the  Geophysical  Institute  of  Bergen, 
Norway. 

Cordial  and  reciprocal  relations  have  been  maintained  and  extended  with 
the  Library  of  Congress  and  all  of  the  scientific  libraries  of  the  Governmental 
departments  in  Washington.  These  have  proved  of  great  value  in  our 
investigations. 

Publications  and  papers  before  learned  societies — Manuscript  for  Volume  VI 
of  the  Researches  of  the  Department  was  completed  and  submitted  to  the 
Institution  for  publication  in  May  (see  p.  179).  The  annual  report  of  the 
Department  for  the  year  ending  June  30,  1926,  was  prepared  by  Bauer  and 
Fleming  and  reprints  distributed  to  interested  scientists  and  organizations. 
Many  reports  upon  work  done  by  members  of  the  staff  have  been  published 
during  the  year.  Cooperation  has  been  extended  the  Division  of  Publica- 
tions of  the  Institution  in  the  matter  of  news-releases  prepared  by  its  Editor. 
Abstracts  of  the  various  articles  which  have  been  published,  of  papers  given 
before  learned  societies,  and  of  investigations  under  way  are  briefly  summar- 
ized in  the  following  pages. 

ABSTRACTS  OF  PUBLICATIONS  AND  INVESTIGATIONS 

Proposed  oceanographic  investigations  on  the  Carnegie  with  special  reference  to  the  Pacific 

Ocean.1    J.  P.  Ault. 
Oceanographic  investigations  on  the  next  cruise  of  the  Carnegie.2     J.  P.  Ault.     Bull.  Nat. 

Research  Council  No.  61,  198-204  (July  1927). 

These  two  papers  presented  briefly  the  plans  being  made  for  the  three- 
year  cruise  of  the  Carnegie  (Cruise  No.  VII).  The  first  paper  dealt  more 
particularly  with  phases  of  the  proposed  program  relating  to  the  Pacific 
Ocean,  while  the  second  covered  the  proposed  work  as  a  whole. 

During  the  seventh  cruise  of  the  Carnegie  which  is  to  begin  early  in  1928, 
and  is  to  extend  over  a  period  of  three  years,  chief  emphasis  will  be  placed 
on  investigations  in  terrestrial  magnetism  and  atmospheric  electricity  as  here- 
tofore. The  route  has  been  planned  to  follow  previous  tracks  as  closely  as 
possible  in  order  to  obtain  a  maximum  of  significant  secular-variation  data, 
which  will  be  the  important  part  of  the  magnetic  work. 

1  Presented  for  the  author  by  T.  Wayland  Vaughan  at  the  Third  Pan-Pacific  Congress,  Tokyo, 
October  1926. 

2  Presented  at  the  annual  meeting  of  the  Section  of  Oceanography  of  the  American  Geophysical 
Union,  Washington,  April  28,  1927. 
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Further  widely  distributed  and  frequent  determinations  of  the  diurnal 
variations  in  atmospheric  electricity  are  to  be  obtained  in  order  to  decide 
whether  such  variations  progress  on  the  basis  of  universal  time,  and  ad- 
ditional observations  are  to  be  made  to  determine  changes  in  the  value  of  the 
atmospheric-electric  elements  with  geographic  position.  These  researches  are 
of  particular  value  over  the  oceans  far  removed  from  possible  disturbances 
from  land  areas. 

Some  attempt  will  be  made  to  begin  investigations  of  the  Kennelly- 
Heaviside  conducting  layer  and  of  radio  transmission,  and  of  earth-currents 
at  sea. 

The  curtailed  program  of  magnetic  work  and  the  addition  of  a  specially 
trained  biologist  will  make  it  possible  to  undertake  a  fairly  extensive  program 
of  oceanographic  investigations.  Special  equipment  will  be  provided  for 
securing  temperatures  and  water-samples  from  the  surface  down  to  2,000 
meters  every  150  miles  and  to  the  ocean  bottom  every  500  miles.  Salinities 
will  be  determined  at  sea,  and  the  dynamic  calculations  of  depth,  pressure  and 
specific  volume  will  be  made.  Chemical  analyses  of  the  various  water-samples 
will  be  made  and  bottom-samples  will  be  collected  and  studied.  Ocean  depths 
will  be  determined  by  means  of  echo-sounding  apparatus.  Quantitative 
plankton  investigations  will  be  made  by  means  of  tow  nets  and  large-size 
water-bottles  and  the  general  conditions  of  sea  life  at  or  near  the  surface  will 
be  studied.  The  meteorological  investigations  will  include,  in  addition  to  the 
usual  marine  observations,  some  attempt  to  measure  the  temperature  and 
humidity  lapse-rates  from  sea  to  masthead,  solar  and  sky  radiation,  evapora- 
tion, and  dust-content  and  carbonic-acid  content  of  the  atmosphere. 

Active  interest  and  advice  in  planning  for  this  program  of  oceanographic 
studies,  and  in  obtaining  cooperative  support  in  its  execution  and  in  the  dis- 
cussion and  interpretation  of  the  data,  are  being  enlisted  from  various  investi- 
gators and  organizations  interested  or  engaged  in  similar  lines  of  research. 
Thus  the  proper  coordination  between  investigations  is  being  provided  and 
the  accumulation  of  data  fitting  in  well  with  the  general  scheme  of  oceano- 
graphic research  already  accomplished  or  in  progress  is  insured. 

Problems  in  terrestrial  magnetism  and  atmospheric  electricity  pertaining  to  the  Aleutian 
Islands.  J.  P.  Ault.  Bull.  Nat.  Research  Council,  vol.  11, 131-133  (Novem- 
ber 1926). 

An  abstract  of  the  matter  contained  in  this  paper  is  given  on  pages  212  and 
213  of  the  annual  report  for  1926. 

Discussion  of  "Modern  methods  in  sea  and  air  navigation"  by  Radler  de  Aquino.  J.  P. 
Ault.     U.  S.  Naval  Inst.  Proc,  vol.  53,  338-339  (March  1927). 

A  brief  appreciation  of  Commander  Radler  de  Aquino's  services  to  the 
science  of  navigation  is  given.  The  latest  Aquino  tables,  which  show  a 
great  improvement  in  accuracy  and  general  arrangement  over  previous 
editions,  are  discussed,  particularly  on  the  basis  of  the  reviewer's  experience  in 
their  use,  both  on  the  sea  and  in  the  air. 

The  ocean  work  of  the  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institution  of 
Washington,  with  particular  reference  to  the  atmospheric-electric  observa- 
tions.1   Louis  A.  Bauer. 

After  giving  a  brief  account  of  the  present  status  of  ocean  magnetic  work, 
the  paper  cites  eight  chief  conclusions  derived  from  a  critical  study  of  the 
atmospheric-electric  observations  made  at  sea  aboard  the  Carnegie.  In 
comparison,  results  are  also  cited  from  observations  at  land  observatories. 

1  Presented  for  the  author  by  G.  W.  Littlehales  at  the  Third  Pan-Pacific  Congress,  Tokyo, 
October  1926. 
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Emphasis  is  placed  especially  on  the  broad  aspects  of  research  in  terrestrial 
magnetism  and  electricity  and  the  bearings  of  the  conclusions  on  the  theory  of 
the  underlying  causes  of  the  phenomena  observed. 

Recent  solar  and  magnetic  activity.1  Louis  A.  Bauer.  Pop.  Astr.,  vol.  34,  549-550 
(November  1926). 

An  account  was  given  of  the  results  of  additional  studies  and  of  some 
arrangements  made  for  the  proposed  international  and  concomitant  solar  and 
magnetic  observations.  A  set  of  magnetic  instruments  for  both  visual  and 
photographic  records  of  magnetic  storms,  as  furnished  by  the  Department  of 
Terrestrial  Magnetism  and  installed  at  the  Mount  Wilson  Observatory,  was 
described.  These  records  are  designed  either  to  give  notification  at  this 
Observatory  or  elsewhere,  for  the  making  of  intensive  measures  of  solar  activity 
with  all  available  appliances,  or  to  be  used  for  correlative  studies  with  solar 
phenomena,  observed  prior  to  the  advent  of  the  magnetic  storm.  Thus  with 
the  combined  aid  of  the  magnetoscope  and  of  the  spectrohelioscope,  spectro- 
heliograph  and  other  means  of  observing  solar  phenomena,  we  may  possibly, 
in  the  course  of  time,  obtain  a  clearer  perception  than  we  now  have  of  the 
relationship  between  solar  and  magnetic  activity. 

Another  promising  line  of  investigation  is  correlative  studies  of  magnetic 
storms  and  radio-reception  measurements.  Data  regarding  solar  and  magnetic 
disturbances  are  being  regularly  supplied,  by  various  institutions,  to  those 
interested  in  radio  work.  Reports  received  thus  far  during  the  past  eight 
months  of  marked  solar  and  magnetic  activity  indicate  on  the  average  a 
closer  relationship  for  short  intervals,  such  as  a  week,  between  radio  reception 
and  activity  of  the  Earth's  magnetism  than  with  activity  of  the  Sun  as  at 
present  measured.  Thus  we  once  again  have  indications  of  the  fact,  already 
mentioned  in  a  previous  paper,  that  the  available  solar  observations  do  not 
yet  afford  us  wholly  satisfactory  measures  for  correlations  with  various 
terrestrial  phenomena.  Perhaps  it  may  turn  out  that  because  of  the  Earth's 
action  as  a  great  magnet  and  because  of  the  electrical  changes  in  its  upper 
atmosphere,  we  have  evidence  of  radiations  from  the  Sun  which  other  means 
fail  to  record. 

Preliminary  report  on  comparisons  of  magnetic  instruments.  Louis  A.  Bauer.  Bull.  6, 
Sect.  Terr.  Mag.  and  Electr.,  Internat.  Geod.  Geophys.  Union,  1-2  (Novem- 
ber 1926). 

A  brief  report  summarizing  world-wide  progress  in  intercomparisons  of 
magnetic  standards  since  the  Madrid  Assembly  of  the  International  Geodetic 
and  Geophysical  Union  in  October  1924. 

The  magnetic  declination  in  Kent  County.     Louis  A.  Bauer.     Md.  Geol.  Surv.,  Kent  Co., 

157-160  (1926). 
The  magnetic  declination  in  Talbot  County.     Louis  A.  Bauer.     Md.  Geol.  Surv.,  Talbot 

Co.,  159-162  (1926). 
The  magnetic  declination  in  Queen  Anne's  County.     Louis  A.  Bauer.     Md.  Geol.  Surv., 

Queen  Anne's  Co.,  155-159  (1926). 

Cosmic  aspects  of  atmospheric  electricity.2  Louis  A.  Bauer.  Science,  vol.  65,  314-316 
(April  1,  1927);  abstract,  Phys.  Rev.,  vol.  29,  371-372  (February  1927). 

There  being  at  present  no  generally  accepted  theory  to  account  for  the  origin 
and  maintenance  of  the  Earth's  negative  electric  charge,  it  is  of  peculiar 

1  Presented  at  the  meeting  of  the  American  Astronomical  Society,  Nantucket,  Massachusetts, 
September  8,  1926. 

2  Presented  at  the  meeting  of  the  American  Association  for  the  Advancement  of  Science  (Sec- 
tion B)  and  of  the  American  Physical  Society,  Philadelphia,  December  29,  1926. 
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interest  to  study  the  laws  and  modus  operandi  of  the  changes  to  which 
atmospheric  electricity  is  subject  during  the  day,  year,  and  from  year  to 
year. 

These  changes,  which  even  on  meteorologically  undisturbed  days  are  on  the 
order  of  the  absolute  values  of  the  atmospheric  elements  themselves,  show 
remarkable  terrestrial  and  cosmical  aspects,  i.  e.,  they  are  in  general  of  the 
same  character  and  sign  at  stations  both  in  the  northern  and  southern  hemi- 
spheres. 

Recent  world-wide  observations  give  further  confirmation  of  these  striking 
facts,  as  illustrated  by  graphs. 

A  brief  discussion  is  also  given  of  the  relation  of  the  atmospheric-electric 
results  to  recent  measurements  of  the  ozone-content  of  the  atmosphere,  of 
the  Sun's  ultra-violet  radiation,  of  radio  reception  and  of  solar  activity. 

Following  the  compass.1     Louis  A.  Bauer. 

The  Earth's  magnetism  and  electricity.2    Louis  A.  Bauer. 

These  illustrated  lectures  gave  accounts  of  present  knowledge  of  terrestrial 
magnetism  and  electricity  and  of  the  magnetic  and  electric-survey  work  of  the 
Carnegie  Institution  of  Washington  on  land  and  sea. 

The  Earth's  magnetism.3     Louis  A.  Bauer. 

This  lecture  had  special  reference  to  the  magnetic  survey  of  Maryland. 

Atmospheric  electricity.     Louis  A.  Bauer.     Nature,  vol.  119,  457  (March  26,  1927). 

A  brief  review  of  conclusions  drawn  from  the  atmospheric-electric  observa- 
tions on  the  Carnegie  with  special  reference  to  atmospheric  potential-gradient, 
its  diurnal  variation  and  nature  of  solar-activity  influence. 

What  the  compass  tells  us.    Louis  A.  Bauer. 

This  was  the  subject  of  a  radio  talk  broadcast  under  the  auspices  of  Science 
Service  on  March  29,  1927,  from  the  station  WMAL,  Washington,  D.  C.  An 
account  of  the  compass  in  its  relation  to  the  various  aspects  of  the  Earth's 
magnetism  was  given,  and  the  phenomena  of  solar  activity,  polar  lights  and 
disturbances  in  telegraphic  and  radio  transmission  were  briefly  discussed. 

Note  on  the  activity  of  the  Sun  and  the  Earth's  magnetism.     Louis  A.  Bauer.     Bull.  Obs. 
Lyon,  vol.  9,  102-103  (April  1927). 

Brief  comments  on  methods  of  measuring  the  Earth's  magnetic  activity  and 
the  solar  activity  and  on  results  of  investigations  of  correlations  from  such 

measures. 

Need  of  magnetic  and  electric  data  in  Polar  Regions.4     Louis  A.  Bauer.     Petermanns  Mitt., 

Erganzungsheft,  No.  191,  47-51  (1927). 
Unsolved  problems  of  terrestrial  magnetism  and  electricity  in  polar  regions.     Louis  A. 

Bauer. 

The  first  paper  was  prepared  at  the  request  of  the  "Internationale  Studien- 
gesellschaft  zur  Erforschung  der  Arktis  mit  dem  Luftschiff  (Aeroarctic)", 
and  the  second  at  the  request  of  the  American  Geographical  Society  for  pub- 

1  Popular  lecture  before  School  of  Mines  and  Metallurgy,  University  of  Missouri,  Rolla, 
Missouri,  February  3,  1927. 

2  Lecture  before  School  of  Mines  and  Metallurgy,  University  of  Missouri,  Rolla,  Missouri, 
February  4,  1927. 

3  Popular  lecture  before  Arundel  Club,  Baltimore,  Maryland,  February  12,  1927. 

4  Presented  for  the  author  by  Arthur  T.  Berson  at  the  first  meeting  of  the  International 
Society  for  Exploration  of  the  Arctic  with  the  Airship,  Berlin,  November  11,  1926. 
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lication  in  its  proposed  handbook,  The  Polar  Regions  and  Their  Problems. 
Attention  is  drawn  to  some  definite  results  derived  from  recent  Arctic  expe- 
ditions, notably  the  Maud  Expedition,  1918  to  1925,  and  the  MacMillan 
Baffin  Land  and  North  Greenland  expeditions  of  1921  to  1922  and  of  1923  to 
1924.     Among  the  problems  requiring  further  observation  and  study  are  : 

(1)  Relations  between  the  aurora  and  magnetic  and  electric  disturbances. 
Additional  observations  in  Arctic  regions  are  highly  desirable  to  reconcile  the 
apparently  contradictory  results  obtained  by  previous  polar  expeditions. 

(2)  Diurnal  variation  of  the  atmospheric  potential-gradient.  Further 
observations  will  be  of  extreme  interest  in  connection  with  the  conclusions 
regarding  the  diurnal  variation  of  the  atmospheric  potential-gradient  on  a 
universal-time  basis. 

(3)  Diurnal  variation  of  the  Earth's  magnetism.  It  has  been  found  that 
the  diurnal  variation  at  certain  polar  stations  is  as  much  as  50  per  cent  less 
than  that  theoretically  expected,  whereas  at  others  the  variation  expected 
has  approximately  been  found.  Manifestly  more  observations  are  urgently 
needed  in  order  to  perfect  the  theory  and  ascertain  the  cause  of  the  outstand- 
ing observational  results. 

(4)  New  magnetic  observatories  in  high  northerly  latitudes. 

(5)  Perfection  of  magnetic  charts  in  polar  regions.  Data  obtained  by  the 
recent  polar  expeditions  show  the  latest  isomagnetic  charts  considerably  in 
error.  It  is  to  be  hoped  that  future  polar  expeditions  will  furnish  additional 
magnetic  data,  both  as  regards  distribution  and  secular  changes  of  the  mag- 
netic elements. 

Sunspots  and  magnetic  and  electric  disturbances.1  Louis  A.  Bauer.  Bull.  Nat.  Research 
Council  No.  61,  129-132  (July  1927). 

The  continued  study  of  the  correlations  between  solar  activity  and  dis- 
turbances in  the  Earth's  magnetic  and  electric  condition  is  of  special  interest 
during  the  present  period  of  increasing  sunspottedness.  Neither  the  number, 
area,  nor  position  of  spots  on  the  Sun's  visible  disk  may  be  taken,  however,  as 
a  safe  index  for  the  prediction  of  the  occurrence  of  magnetic  storms,  or  of  the 
production  of  the  electric  currents  in  the  Earth's  crust  which  are  responsible 
for  interruptions  in  telegraphy.  There  have  been  notable  magnetic  storms 
when  there  were  no  spots  on  the  Sun's  visible  disk.  The  Earth's  magnetic 
activity  does  not  cease  during  years  of  minimum  or  of  almost  no  sunspotted- 
ness. 

The  desire  has,  therefore,  arisen  for  other  measures  of  solar  activity  which 
would  supplement  the  information  derived  from  spots  and  prominences. 
Possibly  continued  measurements  of  the  magnetic  fields  of  disturbed  areas  of 
the  Sun  and  the  information  gained  with  the  aid  of  the  spectrohelioscope  and 
the  spectrograph  will,  in  the  course  of  time,  yield  data  on  which  to  base  new 
measures.  But  it  may  happen  also  in  the  end  that  changes  in  the  Earth's 
magnetism  and  electricity  and  radio  transmission  are  our  most  definite 
measures  of  those  solar  agencies  with  which  we  are  particularly  concerned. 

Studies  concerning  the  relation  between  the  activity  of  the  Sun  and  of  the  Earth's  mag- 
netism— No.  III.2  Louis  A.  Bauer  and  C.  R.  Duvall.  Terr.  Mag.,  vol.  31, 
97-101  (September  1926). 

The  annual  variation  of  magnetic  activity  is  investigated  with  the  aid  of 
various  measures,  chief  of  which  is  a  quantity,  F,  giving  the  number  of  days 

1  Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  American  Geophysical  Union,  Washington,  April  28,  1927. 

2  See  abstracts  of  preceding  papers  in  this  series  on  page  216  of  the  annual  report  for  1926. 
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per  month  of  magnetically  disturbed  days  from  1906  to  1924.  The  average 
number  of  such  days  per  month,  F{,  during  the  sunspot  minimum  years  was 
4.4,  and  during  the  years  of  sunspot  maximum,  Fx,  was  about  10;  hence, 
Fx  was  only  2.3  Fi.  During  a  solar  cycle  there  may  be,  on  the  average,  about 
seven  magnetically  disturbed  days  per  month. 

For  the  period  1906-1924,  F  showed  maximum  values  (about  9.2  days)  in 
the  equinoctial  months  and  minimum  values  (about  5.8  days)  in  the  solstitial 
months;  the  ratio  9.2/5.8  =  1.6.  The  marked  change  in  F  from  month  to 
month  can  not  be  successfully  correlated  with  varying  sunspottedness  during 
the  year.  The  correlation  coefficient  between  the  F-measures  and  the  cosine 
of  the  Sun's  declination  is  +0.95,  and  that  between  F  and  the  cosine  of  the 
Earth's  heliographic  latitude  is  —0.82;  in  the  first  case  we  have  a  direct  (+) 
correlation,  and  in  the  second  an  inverse  (  — )  correlation. 

A  suggestion  of  an  explanation  of  the  long  life  of  metastable  atoms.1     G.  Breit.     Abstract, 
Phys.  Rev.,  vol.  29,  361  (February  1927). 

According  to  the  recent  theory  of  Schrodinger  the  term  values  of  an  atom 
are  the  characteristic  values  of  E  in  his  equation  [H,  \p]  =  E\p.  The  variable  \p 
when  multiplied  by  its  conjugate  \p  gives  the  charge-density.  From  this  point 
of  view  the  resultant  electric  moment  of  an  atom  due  to  the  simultaneous 
presence  of  the  states  En,  Em  is  the  element  q(nm)  of  the  coordinate  matrix  q. 
The  frequency  of  oscillation  of  the  doublet  is  v  =  £  (En  —  Em).  The  above  is 
Schrodinger's  picture  of  radiation  if  q(nm)  =0. 

However,  radiation  may  exist  even  if  q(nm)=Q  corresponding  to  a  coil- 
aerial  in  radio  for  which  the  doublet  also  vanishes.  Estimating  the  life  of  an 
atom  on  this  basis,  it  is  found  to  be  on  the  order  of  almost  a  second.  This  is 
in  agreement  with  the  measurements  [Dorgelo].  It  is  suggested,  therefore, 
that  the  matrix  mechanics  represents  only  a  first  and  rough  approximation 
of  the  radiating  properties  of  an  atom  and  that  Schrodinger's  \p\J/  picture  of 
electric  charge-density  may  be  used  to  calculate  radiation  by  means  of  class- 
ical formulas  with  retarded  potentials  even  though  matrix  elements  should 
vanish.  A  metastable  atom  is  from  this  point  of  view  analogous  to  a  radio 
loop,  while  a  non-metastable  atom  is  analogous  to  an  antenna. 

Wave-mechanics.2     G.  Breit. 

This  was  a  semi-popular  talk  to  a  general  audience.  The  unsatisfactory 
nature  and  shortcomings  of  Bohr's  quantum  theory  were  pointed  out.  Phe- 
nomena indicating  how  Bohr's  views  must  be  modified  were  discussed.  It  was 
then  shown  how  Schrodinger's  wave-mechanics  is  fitted  to  explain  these 
phenomena  more  satisfactorily.  The  mathematical  formalism  and  the 
numerical  results  of  the  theory  were  briefly  discussed. 

The  conductivity  of  the  upper  atmosphere.3    G.  Breit. 

A  general  review  of  the  subject  with  particular  reference  to  experiments  on 
radio-wave  reflections  performed  at  the  Laboratory  of  the  Department  of 
Terrestrial  Magnetism. 

Effects  on  direction,  and  intensity  of  changes  of  ionization,  frequency,  and  Earth's  magnetic 
field.4     G.  Breit. 

1  Presented  at  the  meeting  of  the  American  Physical  Society,  Philadelphia,  December  27,  1926. 

2  Presented  before  the  Philosophical  Society  of  Washington,  April  16,  1927. 

3  Lecture  before  Cornell  University,  Ithaca,  New  York,  November  5,  1926. 

4  Presented  at  the  meeting  of  the  American  Section  of  International  Union  of  Scientific  Radio- 
telegraphy,  Washington,  April  21,  1927. 
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A  suggestion  of  a  connection  between  radio  fading  and  small  fluctuations  in  the  Earth's 
magnetic  field.1  G.  Breit.  Bull.  Nat.  Research  Council  No.  61,  150-158 
(July  1927). 

The  state  of  polarization  of  a  radio  wave  returned  by  the  reflecting  layer  is 
studied  as  a  function  of  (a)  small  changes  in  the  intensity  of  the  Earth's 
magnetic  field,  (b)  small  changes  in  the  frequency  of  the  wave,  and  (c)  small 
changes  in  the  ionization  of  the  atmosphere. 

It  is  shown  that,  for  the  special  electron  distribution  considered,  appreciable 
effects  on  the  intensity  of  the  signal  are  to  be  expected  for  fluctuations  in  the 
Earth's  field  of  the  order  of  5  gammas,  for  changes  in  the  frequency  of  the 
order  of  1,000  cycles,  and  for  changes  in  the  ionization  of  the  order  of  one  part 
in  5,000.     (The  number  applies  to  X  =  70  meters.) 

The  dependence  of  fading  on  range  indicates  that  there  is  a  certain  range  of 
maximum  fading  which  is  of  the  general  order  of  100  miles. 

Unidirectional  quanta  in  wave-mechanics.  G.  Breit.  Jour.  Optical  Soc.  Amer.,  vol.  14, 
374-380  (May  1927). 

The  problem  of  emission  by  an  atom  is  treated  according  to  Schrodinger's 
rules.  The  translational  motion  of  the  atom  as  a  whole  is  taken  into  account. 
The  charge-current  density  vector  is  shown  to  be  propagating  with  the  velocity 
of  light  in  the  direction  of  the  emitted  quantum.  Only  unidirectional  quanta 
can  be  emitted  according  to  the  theory.  The  reason  is  that  the  charge-current 
wave  radiates  infinitely  more  intensely  if  it  travel  with  light  velocity  than 
otherwise. 

It  is  shown  that  Gordon's  treatment  of  the  Compton  effect  involves  an 
analogous  phenomenon.  It  is  suggested  that  Schrodinger's  equations  designed 
for  the  conservation  of  energy  and  momentum  work  out  better  when  the 
translational  motion  of  the  atom  as  a  whole  is  considered. 

The  length  of  light  quanta.     G.  Breit.    Nature,  vol.  119,  280-281  (February  19,  1927). 

This  note  is  a  brief  account  of  experiments  during  1926  showing  that  the 
length  of  light  quanta  is  smaller  than  3  cm.,  thus  confirming  results  by  Law- 
rence and  Beams,  though  by  a  different  method. 

A  glass  spectrograph  and  a  photographic  plate  were  used  instead  of  a  photo- 
electric cell.  A  Kerr  cell,  with  nitrobenzol  as  material,  was  operated  by  means 
of  sustained  oscillations  of  30  meters  wave-length.  Spectra  of  various  sources 
were  photographed  with  the  cell  operated  as  described  above,  and  these 
spectra  were  compared  with  those  obtained  by  applying  a  small  direct  field 
to  the  cell.  This  field  was  adjusted  by  trial  so  as  to  give  the  same  intensity 
as  the  high-frequency  alternating  field.     In  all  cases  the  spectra  were  identical. 

Frequency  changes  of  light  and  quantum  theory.  G.  Breit,  A.  E.  Ruark  and  F.  G.  Brick- 
wedde.     Phil.  Mag.,  vol.  3,  1306-1314  (June  1927). 

According  to  the  classical  wave-theory  of  light,  a  monochromatic  train  of 
waves  ceases  to  be  monochromatic  if  it  is  interrupted — say  by  a  mechanical 
shutter.  In  the  above  an  attempt  has  been  made  to  explain  this  result  of 
classical  theory  from  the  point  of  view  of  quanta.  Two  points  of  view  are 
presented.  In  both,  the  important  assumption  is  that  the  mechanism  which 
interrupts  the  wave  may  contribute  to  the  energy  of  the  quantum  passing 
through  it. 

1  Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  American  Geophysical  Union,  Washington,  April  28,  1927. 
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In  the  first  explanation  (section  1)  the  interrupting  mechanism  is  pictured 
as  first  absorbing  and  then  re-emitting  the  quantum.  On  applying  proper 
selection  rules  the  correct  frequencies  are  obtained. 

In  the  second  explanation  the  interrupting  apparatus  and  the  emitting 
atom  are  considered  as  one  big  atom  (section  3). 

The  theory  is  applied  to  Righi's  experiments  on  light  beats  (section  2).  It 
is  shown,  particularly  by  discussing  a  common  misconception  of  the  case  of 
natural  light,  that  the  theory  is  applicable  only  if  phases  can  be  considered  as 
preserved  in  scattering. 

A  statistical  study  of  the  effects  of  the  atmospheric-electric  elements  on  broadcast  recep- 
tion.1    J.  E.  I.  Cairns.     Terr.  Mag.,  vol.  32,  11-16  (March  1927). 

An  attempt  is  made  to  correlate  the  variations  in  broadcast  reception  with 
the  variations  of  the  atmospheric-electric  elements,  positive  and  negative  con- 
ductivity and  potential  gradient.  Two  analyses  are  given,  the  one  dealing 
with  the  results  obtained  for  all  days,  regardless  of  the  local  disturbing  effects 
of  smoke,  rain,  etc.,  on  the  atmospheric-electric  elements,  and  the  other  deal- 
ing with  the  results  from  "selected"  days,  that  is,  days  that  are  considered  to 
be  free  from  any  such  local  effects. 

The  result  of  the  first  analysis  shows  that  when  the  conductivity,  both 
positive  and  negative,  is  subnormal,  there  is  a  greater  probability  of  there 
being  better  signal-reception;  the  potential  gradient,  apparently,  has  little 
effect.  However,  the  results  of  the  analysis  for  "all  days"  is  not  considered 
to  be  of  the  same  value  as  the  results  for  "selected"  days  because  of  the  dis- 
turbances caused  by  rain,  etc.,  on  the  atmospheric  elements,  disturbances 
which  are  most  prevalent  during  the  winter,  when  signal-strength  is  higher. 

From  the  analysis  for  "selected"  days  it  appears  that  the  positive  con- 
ductivity has  little  effect  on  the  received  signals,  whereas  when  the  negative 
conductivity  is  low  the  signals  are  stronger.  Also,  better  signals  are  received 
when  the  potential  gradient  is  high. 

No  comment  is  made  on  the  results  other  than  to  state  that  they  are  of 
sufficient  interest  to  induce  the  writer  to  carry  out  quantitative  measure- 
ments during  the  year  1927. 

Experimental  confirmation  of  the  influence  of  a  low-resistivity  layer  subsoil  on  the  forward 
inclination  of  radio  waves.1  J.  E.  I.  Cairns.  Jour.  Wash.  Acad.  Sci.,  vol.  17, 
264-269  (May  19,  1927). 

On  the  conclusion  of  the  resistivity-survey  of  the  region  about  the  Watheroo 
Magnetic  Observatory  at  the  end  of  June  1926,  it  was  seen  that  the  character- 
istics of  the  terrain  were  such  as  to  afford  means  of  experimental  confirmation, 
or  otherwise,  of  the  suggestion,  first  put  forward  by  Hack,  that  ground-water 
(or  a  low-resistivity  layer)  at  a  depth  of  a  fraction  of  a  wave-length  below  the 
ground-surface  would  almost  entirely  annul  the  "forward"  inclination  exper- 
ienced by  radio  waves  when  traveling  over  ground  of  considerable  resistivity. 
The  survey  at  Watheroo  showed  the  surface  layer,  down  to  depths  varying 
from  5  to  10  meters,  of  the  sand-plain  which  comprises  the  greater  part  of 
the  surrounding  country  to  be  of  very  high  mean  resistivity,  falling  off 
rapidly  below  this  surface  layer  to  a  value  less  than  one-tenth  per  cent  of  that 
at  the  surface  at  depths  of  60  meters  in  most  cases. 

The  results  show  that  over  soil,  the  mean  resistivity  of  which  had  been 
measured  in  situ  down  to  depths  of  60  to  100  meters  and  which  consisted  of  a 
layer  of  sand  of  an  exceptionally  high  resistivity  over  a  layer  at  no  considera- 

1  Presented  at  the  meeting  of  the  Australasian  Association  for  the  Advancement  of  Science , 
Perth,  Western  Australia,  August  26,  192G. 
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ble  depth  of  very  low  resistivity,  radio  waves  of  wave-length  1,250  meters 
experience  no  forward  inclination.  This  is  regarded  as  being  more  definite 
proof  than  has  hitherto  been  given  of  the  effect  of  ground-water  or  a  low- 
resistivity  layer  a  short  distance  below  the  surface,  owing  to  the  greater 
precision  of  the  resistivity  measurements  of  the  undisturbed  soil. 

The  phenomena  of  fading  and  atmospheric  disturbances  in  radio  signals.    J.  E.  I.  Cairns. 

This  paper,  accepted  in  October  1926  as  thesis  for  degree  of  Master  of 
Science  by  the  faculty  of  the  University  of  Western  Australia,  gives  a  historical 
resume  of  the  literature  on  the  phenomena  of  fading  and  atmospheric  dis- 
turbances in  radio  signals. 

Atmospherics  at  Watheroo,  Western  Australia.     J.  E.  I.  Cairns. 

Of  nearly  one  thousand  "atmospheric"  wave-forms  observed  over  a  period 
of  nine  days  at  the  Watheroo  Magnetic  Observatory  from  March  20  to  28, 
1927,  the  most  frequently  occurring  form  was  found  to  be  a  positive  peaked 
quasi-periodic  one  consisting  of  three  "half-cycles."  The  mean  duration  and 
field-strength  of  this  type,  which  occurred  in  10  per  cent  of  all  the  cases 
examined,  were  3,458  micro-seconds  and  0.14  volt  per  meter,  respectively. 

An  interesting  feature  of  the  observations  was  that  they  showed  fairly  con- 
clusively that  the  summer  "roar"  familiar  to  broadcast  listeners  in  Western 
Australia  was  due  to  very  short-period,  small-amplitude,  and  almost  con- 
tinuous ripples.  The  period  was  from  50  to  100  micro-seconds,  and  the 
amplitude  approximately  0.008  volt  per  meter.  These  ripples  are  probably 
identical  with  those  causing  the  static  "rattle"  noted  by  De  Groot  in  the 
Dutch  East  Indies  and  described  by  him  in  Proceedings  of  the  Institute  of 
Radio  Engineers  (vol.  5,  p.  75,  1917). 

Recommendations  for  the  apparatus  for  the  absolute  measurement  of  the  strength  of  radio 
signals.     J.  E.  I.  Cairns. 

The  advantages  and  disadvantages  of  three  types  of  antenna?  for  the  in- 
vestigation of  the  strength  of  received  radio  signals  are  discussed,  viz,  open, 
closed  coil,  and  condenser.  The  writer  concludes,  after  consideration  of 
facts  pertaining  to  antenna  characteristics,  that  the  best  form  of  antenna 
appears  to  be  the  condenser  type.  For  measurements  of  the  signal-strength 
of  modulated  continuous-wave  signals,  it  is  suggested  that  the  galvanometer 
be  a  vibration  instrument  of  the  Einthoven  type,  or  an  ordinary  high-resist- 
ance galvanometer  connected  to  a  vacuum  thermocouple,  the  heater  of  which 
is  traversed  by  the  pulsating  current  in  the  detector  plate-circuit. 

The  use  is  suggested  of  a  superheterodyne  amplifier  consisting  of  five  or  six 
stages  of  intermediate-frequency  amplification  followed  by  a  detector,  the 
elimination  of  the  audio-frequency  stages  being  necessary  because  the  calibra- 
tions are  unmodulated. 

Memorandum  on  the  uncertainty  in  the  amplitudes  and  phase-angles  of  Fourier  terms. 
C.  R.  Duvall.     Terr.  Mag.,  vol.  32,  65-68  (June  1927). 

The  object  of  this  paper  is  to  determine  the  uncertainty  in  the  amplitudes 
and  phase-angles  of  Fourier  terms  arising  from  a  given  uncertainty  assigned 
to  the  ordinates  to  be  analyzed.  The  conclusions  arrived  at  are:  (1)  In  any 
analysis  the  uncertainty  of  the  Fourier  coefficients  and  of  the  amplitude  of 
each  term,  except  the  last,  is  the  same,  viz,  the  assigned  uncertainty  of  the 
ordinates  divided  by  the  square  root  of  half  the  number  of  ordinates;  (2)  the 
uncertainty  of  the  phase-angle  of  a  particular  term,  in  radians,  is  equal  to 
the  uncertainty  of  amplitude  divided  by  the  amplitude  of  the  term  in  question. 
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Some  preliminary  results  of  diurnal  variation  of  magnetic  inclination  at  field  stations  in 
South  America.  H.  W.  Fisk.  Terr.  Mag.,  vol.  31,  165-176  (December 
1926). 

The  results  of  some  of  the  field  determinations  of  diurnal  variation  of 
inclination  by  means  of  repeated  observations  with  the  earth  inductor  are 
reported;  these  show  interesting  characteristics  at  some  of  the  stations  along 
the  Pacific  coast  of  Peru  and  Chile.  On  January  27,  1917,  which  is  among 
the  ten  least-disturbed  days  for  the  month,  a  total  diurnal  range  of  nearly  20' 
was  observed  at  Arequipa,  Peru;  observations  in  1924  to  1926  show  similar 
though  somewhat  smaller  ranges  at  the  same  station  and  at  other  stations  in 
the  Andean  region.  An  attempt  to  relate  this  unusual  daily  range  to  the  alti- 
tude of  the  station  or  to  the  nearness  of  high  mountains  has  yielded  only 
negative  results.  A  method  adopted  for  analyzing  these  partial  daily  curves 
by  modification  of  Fourier  series  is  described  and  illustrated;  the  resulting 
coefficients,  though  depending  on  certain  arbitrary  assumptions,  are  useful  in 
comparing  curves  from  different  stations  and  for  transferring  results  to  other 
stations  where  they  are  needed  for  correcting  field  observations  to  a  common 
hour  for  secular-variation  discussions.  By  comparing  the  annual  mean 
diurnal-variation  in  inclination  at  the  United  States  Coast  and  Geodetic 
Survey  observatories  with  the  field  results  here  discussed,  three  zones  for  the 
American  continents  are  shown  within  which  the  phase  of  the  curves  is 
reversed;  because  of  the  shifting  of  the  times  of  maximum  and  minimum  with 
the  season,  the  central  lines  of  these  zones  are  only  approximated,  but  may  be 
placed  at  about  magnetic  latitude  40°  north,  0°,  and  25°  south. 

Magnetic  results,  1921-1926.     H.  W.  Fisk. 

This  report  is  now  in  press  as  a  part  of  volume  VI  of  the  Researches  of  the 
Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington 
Publication  No.  175.  It  gives  the  results  of  all  magnetic  observations  made 
on  land  (almost  wholly  outside  of  the  United  States)  by  the  Department  of 
Terrestrial  Magnetism  during  1921  to  1926  and  is  in  continuation  of  land 
results  previously  published  for  1905  to  1920  in  volumes  I,  II  and  IV  of  the 
Researches.  The  results  of  the  Institution's  general  magnetic  survey  on  land 
during  1905  to  1926  are  summarized  also.  The  tables  of  results  are  followed 
by  extracts  from  observers'  reports  and  by  descriptions  of  stations. 

Land  magnetic  and  electric  observations,  1918-1926.  H.  W.  Fisk  and  H.  U.  Sverdrup. 
Researches  Dep.  Terr.  Mag.,  Carnegie  Inst.  Wash.  Pub.  No.  175,  vol.  VI, 
524  pages  with  13  pis.  and  41  figs.  (1927). 

This  volume,  now  in  press,  is  the  sixth  of  the  series  of  Researches  of  the 
Department  of  Terrestrial  Magnetism  and  contains  two  sections,  namely, 
"Magnetic  results,  1921-1926,"  by  H.  W.  Fisk,  and  "Magnetic,  atmospheric- 
electric,  and  auroral  results,  Maud  Expedition,  1918-1926,"  by  H.  U.  Sver- 
drup.    For  abstracts,  see  pages  204  and  210. 

L'exploration  magnetique  et  electrique  de  la  Terre.  Ses  aspects  physiques  et  cosmiques  et 
ses  progres.     J.  A.  Fleming.     Rev.  g6n.  sci.,  vol.  37,  454-467  (1926). 

This  paper  is  a  translation  of  that  abstracted  on  pages  222  to  223  of  the 
annual  report  for  1926. 

Marine  meteorology  on  the  proposed  cruises  of  the  Carnegie.1    J.  A.  Fleming. 

This  communication  was  concerned  chiefly  with  the  program  of  meteoro- 
logical observations  planned  for  Cruise  VII  of  the  Carnegie — observations 

1  Presented  at  the  meeting  of  the  Los  Angeles  Section,  American  Society  of  Civil  Engineers, 
Los  Angeles,  August  11,  1926. 
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which  are  of  great  economic  importance  not  only  as  regards  the  sea  and  its 
life  but  also  as  regards  the  effects  in  their  vital  relation  to  continental  and 
coastal  regions. 

One  of  the  most  important  lines  of  investigation  proposed  with  studies  of 
temperatures  and  salinities  is  the  study  of  the  physical  interchange  between 
the  surface  of  the  water  of  the  sea  and  the  air  above  it.  The  determinations 
of  what  may  be  designated  "meteorological  sections"  of  the  sea  to  moderate 
depths  and  of  the  air  above  the  masthead  are  certain  to  yield  important 
results  bearing  on  the  significance  of  the  seas  as  distributors  of  solar  heat  and 
on  the  general  circulation  of  the  air  over  the  oceans  as  an  aid  in  world-wide 
weather  forecasting.  The  observations  planned  therefore  include:  (1)  Ocean 
temperatures  at  the  surface  and  at  depths  of  5,  10,  15,  20  and  25  meters;  (2) 
temperature  lapse-rates  from  sea  to  masthead;  (3)  humidity  lapse-rates  from 
sea  to  masthead;  (4)  wind-direction  and  wind-velocity  at  different  heights; 
(5)  solar  and  sky  radiation  by  day  and  night  with  cloud  systems,  rainfall, 
salinities  at  surface  and  at  moderate  depths,  dust-content  and  carbonic-acid 
content. 

Thus  it  is  hoped  to  have  the  opportunity  of  adding  valuable  data  over  great 
oceanic  areas  for  the  comparison  of  world  weather  with  solar  radiation,  for 
the  determination  of  rate  at  which  the  atmosphere  is  being  charged  with 
water-vapor  so  vital  to  the  life  on  the  continents,  and  for  study  of  the  dynamics 
of  atmospheric  circulation  over  the  oceans. 

Improvements  in  magnetographs  and  variometers  for  observatory  and  field  use.    J.  A. 
Fleming.     Bull.  Nat.  Research  Council,  vol.  11,  81-86  (November  1926). 

This  paper  is  abstracted  on  page  223  of  the  annual  report  for  1926. 

Latest  annual  values  of  the  magnetic  elements  at  observatories.    J.  A.  Fleming.     Terr. 
Mag.,  vol.  32,  27-30  (March  1927). 

Improved  equipment  for  measuring  earth-current  potentials  and  earth-resistivity.     O.  H. 
Gish.     Bull.  Nat.  Research  Council,  vol.  11,  86-91  (November  1926). 

This  paper  is  abstracted  on  page  224  of  the  annual  report  for  1926. 

Possible  relations  between  earth-currents,  earth-resistivity,  and  some  radio  phenomena.1 
O.  H.  Gish.     Bull.  Nat.  Research  Council  No.  61,  179-183  (July  1927). 

Some  theoretical  grounds  for  expecting  relationships  between  earth- 
currents  and  radio  phenomena  were  indicated,  and  it  was  pointed  out  that, 
since  a  sort  of  definite  parallelism  is  observed  between  the  diurnal  variation 
in  earth-currents  and  that  in  terrestrial  magnetism  for  such  relationships  as 
have  been  found  between  radio  and  changes  in  the  Earth's  magnetism,  there 
should  be  found  a  corresponding  relationship  with  earth-currents.  Although 
the  earth-current  data  are  at  present  too  meager  to  furnish  good  evidence  of 
the  existence  of  such  relationships,  they  do  indicate  the  desirability  of  making 
more  parallel  observations  of  earth-currents  and  radio.  The  similarity  be- 
tween certain  higher-frequency  earth-current  phenomena  and  atmospherics 
is  referred  to,  and  it  is  suggested  that  this  particular  phase  of  earth-currents 
is  especially  suitable  for  investigation  by  individual  investigators,  because 
shorter  lines  may  be  used  and  much  less  care  as  regards  the  electrochemical 
contact  electromotive  forces  of  the  electrodes  is  required.  Such  measure- 
ments would,  furthermore,  admirably  supplement  the  magnetic  measure- 
ments which  are  impracticable  at  the  frequencies  referred  to.  It  is  also 
pointed  out  that  resistivity-surveys  made  in  conjunction  with  surveys  of 

1  Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  American  Geophysical  Union,  Washington,  April  28,  1927. 
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signal-intensity  about  a  sending  station  would  doubtless  account  for  some 
peculiarities  in  the  signal-intensity  distribution  as  well  as  add  to  a  knowledge 
of  the  resistivity  of  the  Earth. 

The  characteristics  of  earth-currents  at  Huancayo  Magnetic  Observatory  as  indicated  by 
the  registrations  during  November  1926  to  February  1927.     O.  H.  Gish. 

The  system  for  recording  earth-current  potentials  at  the  Huancayo  Mag- 
netic Observatory  (see  p.  224  of  the  annual  report  for  1926)  was  completed 
and  adjusted  so  as  to  begin  regular  recording  on  November  15,  1926. 

Two  independent  sets  of  each  component  are  recorded ;  one  set  is  from  elec- 
trodes located  on  the  same  gently  undulating  shelf  of  land  as  the  Observatory, 
and  the  other  from  electrodes  located  on  a  flat,  lower  shelf  which  is  separated 
from  the  first  by  a  60-meter  escarpment.  The  independent  sets  of  each 
component  are  in  agreement  as  regards  phase  and  general  characteristics. 
Both  components  apparently  undergo  very  little  change  during  the  night. 
The  northward  component  has  a  single  prominent  maximum  at  about  9h  to 
10h  (local  time)  and  a  minimum  at  14h  to  16h;  the  eastward  component  shows 
a  single  maximum  at  about  14h  and  a  minimum  at  9h  to  10h.  The  departure 
in  both  components  is  zero  at  midday. 

The  average  daily  range  for  the  two  sets  of  the  northward  component  is  3.7 
millivolts  per  kilometer,  and  that  for  the  eastward  component  is  5.4  millivolts 
per  kilometer;  thus  that  of  the  eastward  component  is  nearly  50  per  cent 
greater  than  the  northward.  Both  the  northward  and  eastward  components 
measured  on  the  higher  shelf  of  land  have  about  twice  the  range  of  the  cor- 
responding component  observed  on  the  lower  shelf.  From  what  is  known 
regarding  the  geological  structure  in  this  region,  it  seems  likely  that  the 
structure  underlying  that  for  the  region  showing  the  measurements  of  greater 
range  has  a  distinctly  higher  effective  resistivity  than  the  one  where  the  other 
values  are  recorded,  so  that  the  current-densities  may  be  nearly  equal  at  the 
two  locations.  This  feature  will  give  additional  interest  to  a  resistivity- 
survey  which  it  is  planned  to  make  at  this  Observatory  in  1928. 

Another  unusual  feature  of  the  earth-current  registrations  at  this  place  is 
the  large  and  frequent  disturbances  which  are  especially  pronounced  during 
the  daylight  hours.  These  closely  parallel  disturbances  in  the  magnetic 
elements  there  recorded,  but  the  ratio  of  the  amplitude  of  the  earth-current 
to  that  of  the  magnetic  disturbance  is  much  larger  than  recorded  at  Watheroo. 

Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory  for  April  to 
June  1926.     R.  H.  Goddard.     Terr.  Mag.,  vol.  31,  133  (September  1926). 

Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory,  July  to  Sep- 
tember 1926.     R.  H.  Goddard.    Terr.  Mag.,  vol.  31,  190  (December  1926). 

Principal  magnetic  storms  recorded  at  the  Huancayo  Magnetic  Observatory,  October  to 
December  1926.     R.  H.  Goddard.     Terr.  Mag.,  vol.  32,  37  (March  1927). 

Principal  magnetic  storms  and  earthquake  disturbances  recorded  at  the  Huancayo  Magnetic 
Observatory,  January  1-31,  1927.     R.  H.  Goddard.     Terr.  Mag.,  vol.  32,  89 
(June  1927). 
These  four  articles  list  and  describe  briefly  the  principal  magnetic  storms 

and  earthquake  disturbances  recorded  at  the  Huancayo  Magnetic  Observatory 

during  April  1926  to  January  1927. 

List  of  recent  publications.    H.  D.  Harradon.     Terr.  Mag.,  vol.  31,  138-144  (September 
1926);  164,  200  (December  1926);  vol.  32,  43-48  (March  1927);  92-96  (June 
1927). 
A  bibliography  of  current  literature  relating  to  (A)  terrestrial  and  cosmical 

magnetism,  (B)  terrestrial  and  cosmical  electricity,  and  (C)  miscellaneous 

subjects  allied  to  (A)  and  (B). 


DEPARTMENT    OF   TERRESTRIAL    MAGNETISM  207 

Determination  of  the  atmospheric  potential-gradient  reduction-factor  at  the  Watheroo 
Magnetic  Observatory,  Western  Australia.1  H.  F.  Johnston.  Terr.  Mag., 
vol.  31,  145-152  (December  1926). 

At  the  Watheroo  Magnetic  Observatory  it  has  been  found  that,  in  order  to 
determine  the  value  of  the  reduction-factor  by  which  it  is  necessary  to  multi- 
ply the  values  obtained  by  the  potential-gradient  apparatus  to  reduce  them 
to  volts  per  meter  to  the  best  possible  accuracy,  it  is  essential  that:  (1)  A 
determination  should  consist  of  not  less  than  six  simultaneous  sets  of  20 
minutes  each  spaced  throughout  the  day;  (2)  the  standardizing  station  should 
be  as  close  as  possible  to  the  observing  station;  (3)  the  observations  should  be 
taken  only  on  a  cloudless  day  with  a  wind  of  at  least  10  miles  an  hour;  (4) 
electrically  disturbing  objects  such  as  trees,  poles,  or  buildings  should  be  as 
far  away  as  possible  and  the  outside  of  the  observing  building  should  be 
grounded  by  a  metallic  screen. 

Principal  magnetic  storms  and  earthquakes  recorded  at  the  Watheroo  Magnetic  Observa- 
tory, April  to  June  1926.  H.  F.  Johnston.  Terr.  Mag.,  vol.  31,  134-136 
(September  1926). 

Principal  magnetic  storms  and  earthquakes  recorded  at  the  Watheroo  Magnetic  Observa- 
tory, July  to  December  1926.  H.  F.  Johnston.  Terr.  Mag.,  vol.  32,  38-40 
(March  1927). 

These  papers  list  and  describe  briefly  the  magnetic  storms  and  earth- 
quake disturbances  recorded  on  the  magnetograms  at  the  Watheroo  Magnetic 
Observatory  during  April  to  December  1926. 

Swinging  ship  for  the  precise  determination  of  deviations  in  magnetically  disturbed  harbors. 
W.  J.  Peters.     Terr.  Mag.,  vol.  31,  121-122  (September  1926). 

An  abstract  of  this  article  is  given  on  page  229  of  the  annual  report  for 
1926. 

Phases  of  oceanographic  work  originating  at  the  City  of  Washington  and  in  the  Southern 
States,  1925-1926.  W.  J.  Peters.  Bull.  Nat.  Research  Council,  vol.  11, 
102-106  (November  1926). 

This  report  is  abstracted  on  page  229  of  the  annual  report  for  1926. 

The  correlation  of  radio  reception  with  solar  activity  and  terrestrial  magnetism — II.2 
Greenleaf  W.  Pickard.  Bull.  Nat.  Research  Council  No.  61,  133-145  (July 
1927). 

The  present  paper  is  a  continuation  of  an  earlier  one  (Proc.  Inst.  Radio 
Engin.,  vol.  15,  pp.  83-97,  1927)  on  the  same  subject  in  which  the  relations 
between  radio  reception,  magnetism  and  sunspots  were  treated  seriatim, 
and  although  a  high  degree  of  relationship  was  shown,  the  curves  frequently 
swung  in  and  out  of  step  in  a  confusing  manner.  Now  the  data  are  treated  by 
periodic  averages,  and  a  clearer  picture  of  the  interrelation  is  obtained. 

Centers  of  solar  activity,  not  necessarily  identical  with  but  at  least  associ- 
ated with  sunspots,  are  assumed  responsible  for  some  of  the  disturbances  of 
reception  and  terrestrial  magnetism.  Such  solar  centers,  like  the  accompany- 
ing sunspots,  appear  to  be  confined  to  definite  solar  areas  for  intervals  of 
months  or  perhaps  years.  But  within  these  areas  the  active  centers  are 
assumed  to  shift  about  irregularly,  so  that  in  successive  earthward  presenta- 
tions of  these  areas  the  centers  responsible  for  terrestrial  disturbances  are 

1  Presented  at  the  meeting  of  Section  A  of  the  Australasian  Association  for  the  Advancement 
of  Science,  Perth,  August  26,  1926. 

:Presented  at  the  annual  meeting  of  the  Section  of  Terrestrial  Magnetism  and  Electricity  of 
the  American  Geophysical  Union,  Washington,  April  28,  1927. 
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frequently  displaced  in  solar  longitude  by  a  number  of  days.  If,  as  appears 
from  the  analysis  of  the  former  paper,  these  centers  drift  about  within  the 
boundaries  of  the  active  areas  in  the  same  random-seeming  manner  as  do 
sunspots,  then  the  mean  of  a  number  of  solar  rotations,  as  observed  by  dis- 
turbances of  terrestrial  magnetism  and  reception,  should  show  the  meridian 
crossing  of  the  centers  of  such  areas. 

This  method  of  periodic  averages  has  the  further  advantage  of  largely 
eliminating  the  non-solar  periods  which  are  usually  present  in  such  data,  often 
with  amplitudes  great  enough  to  mask  in  any  single  period  the  purely  solar 
effects.  As  outlined  in  the  previous  paper,  it  is  first  necessary  to  reduce  the 
data  to  a  consistent  basis,  which  is  done  by  dividing  each  figure  by  the  moving 
mean  of  the  period  under  investigation.  Unless  this  reduction  is  made,  an 
interval  of  high  absolute  values  but  with  relatively  small  fluctuations  would 
tend  to  dominate  the  mean  of  a  long  series. 

The  reception-data  gathered  by  Marriott,  Austin,  Taylor  and  the  author, 
and  previously  discussed  at  some  length,  have  been  in  part  analyzed  by  the 
method  outlined  above.  Within  the  solar-rotation  period  of  27.3  days,  good 
agreement  is  found  between  reception  and  terrestrial  magnetism  and  a  fair 
relation  between  sunspot-numbers,  magnetism  and  reception.  The  graphs 
for  this  period  not  only  show  the  27.3-day  fundamental,  but  shorter  periods 
are  strongly  indicated.  By  taking  periodic  means  within  13.6,  9.1  and  6.8 
days,  the  existence  of  the  first,  second  and  third  harmonics  of  the  solar-rota- 
tion period  was  demonstrated.  These  shorter  periods  are  of  considerable 
amplitude  in  magnetism  and  reception,  but  are  relatively  weak  for  the  Wolfer 
sunspot-numbers. 

Within  the  terrestrial  period  of  a  year,  means  of  Washington  day-reception 
at  low  frequency  for  eight  years  show  a  close  parallelism  with  terrestrial  mag- 
netism, with  maxima  near  the  vernal  and  autumnal  equinoxes.  Night  static 
at  1,330  kilocycles  shows  a  direct  correlation  with  sunspot-numbers,  the 
reverse  of  that  found  for  night-signal  reception  at  the  same  frequency. 

It  now  appears  that  day-reception  in  the  frequency  band  15  to  25  kilocyles 
is  in  general  directly  correlated  with  solar  and  magnetic  disturbances,  this 
relation  being  found  in  1917,  1922  and  1923,  and  for  magnetic  disturbances 
and  reception  only  over  the  period  1916  to  1924.  The  year  1926  is  an  excep- 
tion to  this,  the  correlation  being  negative  or  inverse. 

Night-reception  in  the  frequency-band  of  500  to  1,500  kilocyles  has  been 
examined  for  1908-1909  (spark  transmission)  and  for  1926  (broadcast  trans- 
mission), and  the  correlation  with  solar  and  magnetic  measures  has  been 
found  uniformly  inverse.  Night-reception  in  the  8  to  9  megacycle  band  has 
been  examined  only  for  1926,  no  earlier  records  being  available,  and  the  cor- 
relation with  sunspots  and  magnetism  within  solar-rotation  periods  was  found 
to  be  positive. 

Day  static  in  the  15  to  25  kilocycle  band  shows  an  inverse  correlation  with 
signals  of  the  same  frequency,  and  therefore  an  inverse  relation  to  solar  and 
magnetic  disturbances.  Night  static  at  1,330  kilocycles  shows  also  an  inverse 
correlation  to  the  night-signal  of  the  same  frequency,  and  therefore  is  directly 
related  to  solar  and  magnetic  disturbances.  There  is  at  present  no  satis- 
factory explanation  of  this  relation,  either  on  a  basis  of  static  wave-transmis- 
sion or  by  possible  solar  periods  in  static  sources. 

Through  the  kindness  of  the  United  States  Naval  Observatory,  _  sunspot 
positions  for  1926  have  been  obtained,  and  a  preliminary  analysis  indicates 
that  disturbances  of  reception  and  terrestrial  magnetism  are  most  pronounced 
when  the  spot  or  spot-group  is  on  the  meridian.  Although  the  reception  and 
magnetic  effects  accompanying  the  passage  of  a  large  spot-group  show  in 
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individual  cases  maxima  which  may  be  several  days  before  or  after  meridian 
transit,  the  mean  of  70  such  transits  shows  that  the  terrestrial  disturbances 
center  to  the  nearest  day  with  the  central  passage  of  the  spot.  This  indicates 
that  the  active  centers  which  are  responsible  for  magnetic  and  reception  dis- 
turbances lie  in  the  same  solar  areas  as  the  sunspots. 

Diurnal  variation  of  earth-current  potentials  at  Watheroo  from  continuous  records  for  the 
year  1925.     W.  J.  Rooney. 

Evaluation  of  the  diurnal  variation  of  the  northward  and  eastward  com- 
ponents of  the  earth-current  potential-gradient  has  been  completed  from  the 
continuous  records  obtained  on  the  two-mile  lines  at  Watheroo  for  the  year 
1925.  The  characteristic  curves  secured  agree  closely  in  type,  magnitude 
and  seasonal  variation  with  those  obtained  in  1924,  even  for  the  eastward 
component  during  the  winter  months  when  the  extremely  small  diurnal-range 
makes  the  precision  with  which  the  variation  may  be  determined  the  lowest. 

The  minimum  diurnal-range  on  the  northward  component  was  approxi- 
mately 2  mv/km  and  occurred  in  October.  The  minimum  range,  0.6  mv/km, 
occurred  in  June.  The  times  at  which  the  principal  daily  minimum  and 
maximum  occur  also  agree  with  those  determined  for  the  preceding  year,  the 
morning  minimum  shifting  from  local  time  6h  30m  in  midsummer  to  9h  30m 
in  midwinter,  while  an  accompanying  delay  from  llh  30m  to  14h,  or  a  little 
later,  is  found  in  the  principal  maximum. 

The  diurnal  variation  in  the  eastward  component  again  has  a  maximum 
range  of  0.8  mv/km  in  November  and  a  minimum  of  less  than  0.2  mv/km  in 
June.  In  appearance  the  diurnal-variation  curves  for  this  component  are 
similar  to  those  for  the  corresponding  months  of  1924,  showing  in  general  two 
maxima,  the  later  one  of  which  becomes  predominant  in  November  and 
December. 

The  1925  records  from  the  four  one-mile  lines  have  not  been  reduced  to 
date;  hence,  comparison  of  the  variations  given  by  the  overhead  and  under- 
ground lines  can  not  be  made  at  this  time.  During  December  there  were 
many  severe  thunderstorms  at  Watheroo,  all  of  which  produced  considerable 
disturbance  on  the  overhead  lines.  From  inspection  of  the  records,  it  appears 
that  the  underground  lines  were  unaffected. 

Results  of  earth-resistivity  surveys  near  Watheroo,  Western  Australia,  and  at  Ebro, 
Spain.1  W.  J.  Rooney  and  O.  H.  Gish.  Terr.  Mag.,  vol.  32,  49-63  (June 
1927);  abstract,  Phys.  Rev.,  vol.  29,  905  (June  1927). 

To  supplement  the  potential  registrations  and  so  ascertain  the  earth-current 
density,  earth-resistivity  surveys  have  been  made  at  the  Magnetic  Observa- 
tory of  the  Carnegie  Institution  of  Washington,  Watheroo,  Western  Australia, 
and  at  Ebro  Observatory,  Tortosa,  Spain.  At  Watheroo,  situated  on  a 
sandy  plain,  the  resistivity  at  the  surface  varies  with  position  from  90  to  more 
than  4,000,000  ohms  per  centimeter  cube.  The  mean  values  for  the  region 
are  extremely  low,  the  average  to  depths  of  60  to  100  meters  being  700. 
Beyond  this  depth  the  values  increase  slowly,  reaching  5,000  for  600-meter 
depths,  the  greatest  explored.  At  the  Ebro  Observatory,  located  in  the  valley 
of  the  River  Ebro,  the  resistivity,  although  generally  low  near  the  surface,  is 
always  higher  than  that  at  Watheroo,  when  depths  beyond  30  meters  are 
included  in  the  measurements.  The  average  value  to  100-meter  depths  is 
9,600  and  increases  to  a  little  over  12,000  for  300-meter  depths,  the  greatest 
explored  there.  Records  of  potential  gradient  for  a  number  of  years  give 
values  approximately  one  magnitude  higher  at  Ebro  than  at  Watheroo.     The 

1  Presented  before  the  American  Physical  Society  of  Washington,  April  22,  1927. 
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resistivity  results,  therefore,  indicate  that  the  current-density  is  of  about  the 
same  magnitude  at  both  places. 

Tides  on  the  north  Siberian  shelf:  Their  bearing  on  the  existence  of  land  in  the  Arctic  Sea, 
and  their  dynamics.1  H.  U.  Sverdrup.  Jour.  Wash.  Acad.  Sci.,  vol.  16, 
529-540  (December  3,  1926). 

This  article  gives  the  results  of  an  investigation  of  the  tidal  data  gathered 
since  1911  in  the  wide  region  west  of  Alaska  and  north  from  the  great  north 
Siberian  shelf,  to  which  the  work  of  the  Maud  Expedition  during  1918  to  1925 
added  much  observational  material.  The  Maud  observations  combined  with 
earlier  work  indicate  a  tidal  wave  differing  entirely  from  that  of  Harris  and 
led  to  the  conclusion  that  the  tidal  phenomena  do  not  indicate  the  existence 
of  any  extensive  masses  of  land  within  the  unexplored  area. 

The  new  co-tidal  lines  on  the  north  Siberian  shelf  unite  all  observations  in 
a  simple  way,  showing  consistently  that  a  single  wave  enters  the  shelf  from 
the  north  and  proceeds  across  it.  However,  the  wave  shows  a  number  of 
features  which  can  not  be  accounted  for  on  the  assumption  which  generally 
is  made  regarding  tidal  waves  on  the  continental  shelves,  viz,  that  the  waves 
proceed  under  the  influence  of  gravitational  forces  only.  The  influence  of  the 
rotation  of  the  Earth  and  the  resistance  arising  from  the  eddy-viscosity  have 
to  be  taken  into  account.  The  fundamental  equations  for  long  gravitational 
waves  in  a  viscous  fluid  on  a  rotating  disk  and  some  of  their  solutions  are 
discussed.  It  is  shown  that  the  theoretical  results  explain  all  the  outstanding 
features  of  the  observed  tidal  phenomena  on  the  north  Siberian  shelf. 

Ergebnisse  der  Messungen  des  Potentialgefalles  auf  der  Maud  Expedition.  H.  U.  Sverdrup. 
Zs.  Geophys.,  vol.  3,  93-102  (1927). 

The  chief  results  of  the  cooperative  program  of  observations  in  atmospheric 
potential-gradient  with  the  Department  of  Terrestrial  Magnetism  by  the 
Maud  Expedition  during  1922  to  1925  are  summarized  and  discussed.  The 
conclusions  reached  are:  (1)  The  atmospheric  potential-gradient  over  the 
east  Siberian  shelf  is  remarkably  free  from  local  effects  in  the  months  October 
to  April,  and  its  diurnal  variation  is  alike  over  great  areas  in  this  region;  (2) 
the  observed  diurnal-variation  of  atmospheric  potential-gradient  here  confirms 
the  universal-time  feature  of  the  24-hour  wave. 

Die  meteorologischen  Untersuchungen  und  Ergebnisse  der  Maud  Expedition.2  H.  U. 
Sverdrup.     Petermanns  Mitt.,  Erganzungsheft  No.  191,  63-68  (1927). 

The  results  of  meteorological  observations  obtained  on  the  Maud  Expedi- 
tion and  of  their  discussion  are  given  in  this  communication.  The  gist  of 
the  matter  presented  is  covered  by  abstracts  on  pages  230  to  231  of  the  annual 
report  of  1926. 

Magnetic,  atmospheric-electric,  and  auroral  results,  Maud  Expedition,  1918-1925.  H.  U. 
Sverdrup. 

This  presentation  of  data  and  discussion  of  the  results  obtained  during  the 
Maud  Expedition  of  1918  to  1925  in  cooperation  with  the  Carnegie  Institution 
of  Washington  is  now  in  press  as  the  second  half  of  volume  VI  of  the  Re- 
searches of  the  Department  of  Terrestrial  Magnetism.     The  matter  is  divided 

1  Presented  before  the  Philosophical  Society  of  Washington,  October  2,  1926. 

2  Presented  at  the  first  meeting  of  the  International  Society  for  Exploration  of  the  Arctic  with 
the  Airship,  Berlin,  November  11,  1926. 
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into  six  parts  as  follows:  The  absolute  magnetic  observations,  1918  to  1921 
(this  section  being  in  co-authorship  with  C.  R.  Duvall);  absolute  magnetic 
observations,  1922-1925;  results  of  photographic  records  of  declination  at 
Cape  Chelyuskin  and  at  Four  Pillar  Island;  observations  of  the  atmospheric 
potential-gradient,  1922-1925;  observations  of  the  aurora,  1918-1925;  and 
narrative  of  the  Expedition,  1918-1925.  The  first  four  and  the  last  parts  are 
already  summarized  partially  on  pages  231  to  232  of  the  annual  report  for 
1926;  since  that  report  further  study  of  the  results  have  yielded  additional 
interesting  analyses  and  conclusions  as  well  as  focusing  attention  upon  certain 
features  of  diurnal  variation  in  magnetism  in  the  Arctic  which  appear  anom- 
alous. The  need  of  additional  magnetic  data  at  stations  in  the  polar  regions 
is  thus  again  emphasized. 

While  auroral  observations,  because  of  limitations  of  ship's  personnel  and 
ship's  drift,  had  to  be  restricted  to  photographs  and  notes  at  single  stations, 
the  accumulated  data  have  been  found  capable  of  extensive  discussion  and 
the  drawing  of  valuable  conclusions.  Among  these  are :  (1)  Zone  of  maximum 
auroral  frequency  visible  in  winter  in  1922  to  1925  in  longitude  160°  east  was 
between  north  latitude  77°  and  78°;  (2)  near  this  zone  the  visible  moving 
auroral  types  dominated  in  winter;  (3)  the  average  direction  of  visible 
auroral  arches  in  winter  in  north  latitudes  70°  to  78°  was  found  to  be  nearly 
perpendicular  to  the  direction  of  the  magnetic  meridian  with  average  altitude 
of  crest  of  the  arch  diminishing  rapidly  with  decreasing  latitude;  (4)  radia- 
tion-points of  auroral  coronas  were  under  and  to  the  west  of  the  magnetic 
zenith;  (5)  there  was  a  decided  maximum  of  auroral  frequency  around  mid- 
winter; (6)  a  period  of  intensity  of  auroral  displays  was  found  during  the 
three  winters,  corresponding  approximately  to  the  period  of  rotation  of  the 
Sun;  (7)  the  nightly  auroral  variation  showed  maximum  coming  between 
local  time  22h  and  2h,  the  range  decreasing  with  decreasing  latitude;  (8)  the 
direction  of  auroral  arches  turned  counter-clockwise  during  the  night  from 
18h  to  6h,  apparently  independent  of  latitude  and  amounting  to  about  one 
degree  an  hour. 

Preliminary  comparison  of  atmospheric  potential  at  sea  with  that  under  closely  similar 
insular  conditions  at  Apia,  Western  Samoa.  A.  Thomson.  Terr.  Mag.,  vol. 
31,  113-120  (September  1926). 

An  abstract  of  this  investigation  is  given  on  page  232  of  the  annual  report 
for  1926. 

Static  disturbance  at  Apia,  Samoa.     A.  Thomson. 

A  record  of  static  disturbance  at  Apia,  Samoa,  latitude  13°  46'  south, 
longitude  171°  26'  west,  for  the  past  two  years  shows  that  static  disturbance 
at  Apia  is  of  least  strength  at  7  to  8  a.  m.  and  least  persistent  at  noon.  In- 
tense tropical  cyclones  may  or  may  not  be  accompanied  by  static  disturbance, 
and  there  is  no  obvious  connection  between  it  and  the  atmospheric-electric 
potential. 

Principal  magnetic  storms  recorded  at  the  Apia  Observatory,  April  to  June  1926.  A. 
Thomson  and  C.  J.  Westland.     Terr.  Mag.,  vol.  31,  132  (September  1926). 

Principal  magnetic  storms  recorded  at  the  Apia  Observatory,  July  to  December  1926,  and 
preliminary  reports  on  annual  values  of  the  magnetic  elements  for  the  year 
1926.    A.  Thomson  and  C.  J.  Westland.    Terr.  Mag.,  vol.  32, 89-90  (June  1927). 

These  two  articles  describe  briefly  the  outstanding  magnetic  disturbances 
recorded  at  the  Apia  Observatory  during  April  to  December  1926.     The 
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second  includes,  besides  the  annual  values  for  1926,  brief  notes  on  condition 
of  instruments. 


A  source  for  resonance  radiation.     M.  A.  Tuve.     Nature,  vol.  119, 82-83  (January  15, 1927). 

This  note  suggests,  as  a  more  intense  source  of  resonance  radiation  than 
the  usual  water-cooled  quartz  arc,  a  high-voltage  discharge  using  a  gas  for 
the  discharge.     Experiments  with  such  a  source  are  described. 


On  the  use  of  a  radioactive  collector  for  potential-gradient  measurements.    M.  A.  Tuve  and 
C.  Huff.     Terr.  Mag.,  vol.  32,  17-25  (March  1927). 

Using  a  large  parallel-plate  system  for  the  production  of  known  potential- 
gradients,  the  action  of  a  radioactive  collector  was  studied  under  various 
conditions. 

A  collector  mounted  on  a  horizontal  wire  was  found  to  measure  correctly  a 
given  potential-gradient  except  for  a  systematic  error  of  about  4  per  cent 
caused  by  the  coating  of  the  collector  with  radioactive  material  only  on  side 
facing  downward.  A  collector  was  found  to  measure  correctly  also  the  time- 
average  of  a  variable  potential-gradient. 

Effects  of  leakage,  distortion  of  equipotentials,  wind  and  other  sources  of 
possible  disturbances  were  studied  The  effect  of  the  time-lag  of  the  collector- 
system  on  the  records  of  the  variable  atmospheric  gradient  was  considered, 
and  a  suggestion  is  made  for  the  provision  of  inductive  compensation  on 
observatory  apparatus  in  order  to  record  accurately  the  variations  in  the 
atmospheric  gradient  rather  than  a  time-average  of  that  quantity.  A  simple 
physical  explanation  of  the  action  of  the  collector  is  given  in  terms  of  the 
diffusion  of  the  ions  produced  in  its  vicinity. 


The  magnetic  permeability  of  iron  and  magnetite  in  high-frequency  alternating  fields.1 
G.  R.  Wait.  Phys.  Rev.,  vol.  29,  566-578  (April  1927);  abstract  ibidem,  vol. 
28,  848-849  (October  1926). 

Arkadiew  (Phys.  Zs.,  vol.  14,  1913;  vol.  22,  1921)  measured  the  absorp- 
tion of  electric  waves  by  two  parallel  wires,  and  concluded  that  the  per- 
meability of  iron  and  nickel  wires  varied  with  the  wave-length.  From  these 
results  and  those  of  other  workers,  the  conclusion  was  drawn  that  the  ele- 
mentary magnets  had  several  periods  of  oscillation. 

Experiments  by  the  two  methods  described  on  pages  233  to  234  of  the 
annual  report  for  1926  to  test  this  conclusion  have  been  continued.  Various 
forms  of  iron,  such  as  filings,  wires  and  powder,  were  used  as  well  as  magnetite 
in  the  form  of  crystals  and  powder 

The  results  fail  to  confirm  the  conclusion  of  the  earlier  investigators. 
Although  apparent  anomalies  at  first  were  noted,  it  was  found  they  were 
caused  by  resonance  between  various  parts  of  the  circuit;  upon  eliminating 
this  difficulty,  no  abnormal  change  in  permeability  over  the  range  covered 
was  found.  Consequently,  the  author  feels  justified  in  concluding  that,  if 
elementary  oscillators  exist,  they  have  failed  to  resonate  at  the  frequencies 
employed. 

1  Presented  before  the  Philosophical  Society  of  Washington,  October  30,  1926. 
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On  the  effects  of  dust,  smoke,  and  relative  humidity  upon  the  potential  gradient  and  the 
positive  and  negative  conductivities  of  the  atmosphere.1  G.  R.  Wait. 
Abstract,  Phys.  Rev.,  vol.  29,  372  (February  1927). 

Preliminary  note  on  the  effect  of  dust,  smoke  and  relative  humidity  upon  the  potential 
gradient  and  the  positive  and  negative  conductivities  of  the  atmosphere. 
G.  R.  Wait.     Terr.  Mag.,  vol.  32,  31-35  (March  1927). 

These  two  communications  result  from  a  discussion  of  simultaneous  ob- 
servations of  atmospheric  electricity,  dust-content  and  relative  humidity 
obtained  at  the  Watheroo  Magnetic  Observatory,  Western  Australia. 

The  dust-content  series  (by  Aitken's  counter)  during  February  to  April 
1924  gives  consistent  results,  indicating  the  potential  gradient  is  approxi- 
mately doubled  for  increase  of  dust-content  from  zero  to  10,000  particles  per 
cubic  centimeter  and  thereafter  a  very  slow  increase  with  increased  dust- 
content.  Thus  one  is  not  justified  in  extrapolating,  as  has  been  done,  values 
for  dust-free  air  when  the  data  are  obtained  only  for  high  dust-contents. 

Both  positive  and  negative  conductivities  decrease  about  half  when  the 
dust-content  changes  from  zero  to  about  5,000  particles  per  cubic  centimenter 
and  decrease  very  slowly  thereafter  with  increased  dust-content.  The  ratio 
of  positive  to  negative  conductivity,  as  might  be  expected,  increases  with 
increasing  dustiness. 

The  more  extensive  simultaneous  observations  of  the  atmospheric-electric 
elements  and  relative  humidity,  using  data  only  at  times  of  low  dust-content, 
show  these  elements  are  affected  by  an  increase  in  relative  humidity  similarly, 
but  to  a  lesser  extent,  than  for  increase  in  dust-content. 

The  analysis  shows  that  very  few  transformed  large  ions  pass  through  the 
conductivity  instruments  without  being  recorded. 

The  great  importance  of  more  observations  of  this  kind  in  investigating 
the  behavior  of  ions  in  air  is  pointed  out. 

Preliminary  note  on  electromotive  forces  possibly  produced  by  the  Earth's  rotating  mag- 
netic field  and  on  observed  diurnal- variation  of  the  atmospheric  potential 
gradient.1  G.  R.  Wait  and  H.  U.  Sverdrup.  Terr.  Mag.,  vol.  32,  73-83 
(June  1927). 

The  first  part  of  the  paper  contains  a  formal  computation  of  the  electro- 
motive forces  which  would  be  induced  upon  certain  hypotheses  at  the  magnetic 
poles  of  the  Earth  on  account  of  the  rotation  of  its  magnetic  field.  Supposing 
that  these  electromotive  forces  act  upon  charged  particles  entering  the  upper 
atmosphere  and  coming  from  the  Sun,  it  is  possible  to  compute  an  incoming 
"current."  The  principal  assumptions  are:  (1)  That  charged  particles  of  a 
given  sign  are  accelerated  toward  the  Earth  when  the  electromotive  forces 
have  certain  directions  referred  to  the  relative  position  of  Sun  and  Earth,  and 
(2)  that  the  effect  is  of  equal  magnitude  along  the  three  rectangular  axes. 

The  "current"  thus  computed  shows  a  diurnal  variation  and  annual  varia- 
tions of  phase-angle  and  of  amplitude  which  are  in  remarkable  agreement  with 
corresponding  variations  of  the  atmospheric  potential-gradient  as  actually 
determined  from  observations  made  at  sea  by  the  Carnegie,  in  the  Arctic  by 
the  Maud  Expedition,  and  at  certain  land  stations.  This  agreement  appears 
too  good  to  be  accidental;  it  is  difficult,  however,  to  develop  a  physical  basis 
to  explain  relation  between  the  two  phenomena. 

'Presented  at  the  meeting  of  the  American  Physical  Society,  Philadelphia,  December  30,  1926. 
'Presented  before  the  Philosophical  Society  of  Washington  by  G.  R.  Wait,  May  28,  1927. 
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In  accordance  with  authorization  by  the  Trustees  of  the  Institution,  inves- 
tigations were  conducted  at  the  Tortugas  Laboratory  during  the  summer  of 
1927.  Upon  invitation,  Dr.  Wm.  H.  Longley,  of  Goucher  College,  continued 
to  serve  as  administrative  officer  during  the  season;  and  Mr.  John  W.  Mills, 
chief  engineer,  remained  in  charge  of  all  equipment  and  aided  in  collecting 
material  for  study  and  in  securing  necessary  supplies. 

Opportunity  was  offered  during  the  season  of  1927  at  the  Tortugas  Labora- 
tory for  conferences  by  members  of  a  special  committee  appointed  by  the 
President  of  the  Institution  for  the  purpose  of  submitting  a  report  upon  plans 
and  recommendations  for  future  operation  of  the  Laboratory.  This  com- 
mittee consists  of  C.  B.  Davenport,  W.  H.  Longley,  T.  H.  Morgan  and  D.  H. 
Tennent. 

The  following  investigators  studied  at  the  Laboratory  during  the  season, 
and  important  advance  was  accomplished  in  a  number  of  researches  carried 
on  from  previous  years.  Such  studies  have  related  particularly  to  problems 
concerning  specific  adaptation  to  natural  environment  and  concerning  the 
nature  of  specific  difference. 

Paul  Bartsch.     U.  S.  National  Museum.     Breeding  experiments  with  cerions.     August 

16  to  August  27. 
L.  R.  Blinks.    Rockefeller  Institute.    Electrical  resistance  of  Valonia.    June  5  to  August  27. 
P.  S.  Conger.     Carnegie  Institution.     Diatom  studies.     June  5  to  June  17. 
Caswell  Grave.     Washington  University.     Development  and  behavior  of  larvae  ascidians; 

periodicity  in  spawning  of  certain  marine  invertebrates.    June  19  to  July  30. 
W.  M.  de  Laubenfels.     Oberlin  College.     Bi-specific  conglomerations  of  sponges.     July  5 

to  August  14. 
W.  H.  Longley.     Goucher  College.     Observations  upon  ecology  of  Tortugas  fishes.     June 

5  to  August  27. 
H.  M.  Miller,  Jr.     Washington  University.     Behavior  of  trematode  larvae.     June  19  to 

July  30. 
A.  A.Schaeffer.    University  of  Kansas.    Spiral  movement  of  Amoebae,  etc.    June  5  to  July  1 . 
D.  H.  Tennent.    Bryn  Mawr  College.     Investigations  on  echinoderm  eggs.     July  19  to 

July  30. 
Harry  Beal  Torrey.     Cornell  University  Medical  School.     Effect  of  thyroxin  on  division 

rates  of  various  cells.     August  2  to  August  27. 

Report  on  the  Cerion  Breeding  Experiments  at  the  Tortugas,  by  Paul  Bartsch 

Dr.  Bartsch  visited  the  Tortugas  from  August  16  to  August  27,  1927.  This 
year  has  been  an  unusually  dry  one  at  the  Tortugas,  and  the  Cerions  in  the 
small  islands  and  cages  show  the  effect  thereof.  In  the  71  cages,  53  of  the 
Cerion  viaregis  had  died  or  been  crushed  by  some  animal,  probably  rats,  and 
54  of  the  Cerion  incanum  met  a  similar  fate.  These  cages  were  restocked,  and 
we  have  asked  that  some  tomcats  be  taken  to  the  islands,  for  there  is  only 
one  tabby  left,  and  that  these  be  liberated  to  take  charge  of  the  rat  question. 

The  little  islands  were  carefully  overhauled  this  year. 

Island  1 — Here  we  had  planted,  in  1925,  25  of  each  of  the  spirally  sculp- 
tured new  species  of  Cerion  and  25  Cerion  incanum.  We  found  no  trace  of 
living  specimens. 

1  Situated  at  Tortugas,  Florida. 
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Island  2 — In  1925  were  planted  25  of  each  Cerion  incanum  and  Cerion 
chrysalis.     We  likewise  found  no  living  specimens. 

In  Cage  3,  where  25  specimens  of  Cerion  incanum  and  Cerion  mummia  were 
planted  in  1924,  a  number  of  living  young  specimens  were  discovered.  We 
therefore  left  this  undisturbed. 

The  same  held  true  in  Island  4  where  25  Cerion  incanum  were  planted  with 
25  Cerion  tridentatum  in  1925. 

The  8  small  cages  containing  each  a  specimen  of  Cerion  incanum  and  Cerion 
viaregis  were  barren. 

We  restocked  the  8  small  islands,  each  with  a  specimen  of  Cerion  incanum 
and  Cerion  viaregis.  We  replaced  the  mollusks  which  had  disappeared  in  the 
71  cages  with  new  material,  and  hope  that  we  may  have  more  fortunate 
weather  conditions  this  year  for  the  survival  of  the  specimens.  A  new  colony  of 
250  each  of  Cerion  incanum  and  Cerion  viaregis  were  started  on  the  north  side 
of  the  walk  leading  from  the  dining  hall  to  the  laboratory  adjacent  to  the 
dining  hall.  A  visit  to  all  the  colonies  of  Cerions  in  the  Tortugas  group 
revealed  that  the  colonies  of  Cerion  viaregis  and  Cerion  casablancse  on  Logger- 
head Key  are  doing  specially  well;  likewise,  are  the  Porto  Rican  Cerion 
crassilabre  doing  splendidly.  Enough  material  of  the  second  generation  of 
these  was  gathered  to  have  more  than  100  specimens  for  measurements. 
These  were  taken  to  Washington.  Cerion  uva  from  Curacoa  seems  to  have 
gone  completely  under,  for  I  did  not  find  a  single  living  specimen  anywhere. 
The  same  holds  good  of  the  specimens  planted  from  San  Salvador,  and  like- 
wise those  of  the  spirally  sculptured  race  brought  from  Cuba.  The  colonies 
on  the  parapet  of  Fort  Jefferson  are  holding  their  own.  This  must  have  been 
an  unusually  dry  season  for  them,  however,  since  the  place  is  considerably 
elevated  above  the  water  line  and  most  of  the  vegetation  had  been  killed  off 
or  had  received  a  decided  setback.  The  colonies  of  Cerions  at  the  U.  S.  Bureau 
of  Fisheries  Station  at  Key  West  are  holding  their  own. 

A  series  of  specimens  of  Cerion  viaregis  from  the  Tortugas  and  Cerion 
incanum  from  Key  West  and  of  the  hybrid  Cerion  from  Newfound  Harbor 
Key  were  gathered  and  sent  to  Professor  Edward  C.  Jeffrey,  Harvard  Uni- 
versity, for  a  comparative  study  of  chromosomes. 

While  in  Florida,  Dr.  Bartsch  also  made  careful  daily  notes  of  the  birds 
observed,  and  he  likewise  exposed  2,700  feet  of  moving-picture  film  under  sea, 
and  about  150  still  pictures  to  secure  a  series  of  photographs  showing  faunal 
association. 

After  leaving  Florida,  Dr.  Bartsch  spent  some  time  at  Havana  in  the  study 
of  mollusks.  Here  Dr.  Carlos  de  la  Torre  pointed  out  to  him  a  native  hybrid 
Cerion  coming  from  Playa  de  Muerto  on  the  north  coast  of  Cuba.  We  there- 
fore visited  this  place  and  secured  a  large  series  of  specimens  of  Cerion 
tridentatum  and  Cerion  paracuta,  and  a  hybrid  resulting  from  the  mingling  of 
these  two.  It  is  hoped  that  these  may  be  studied  to  compare  the  anatomic 
structure  of  the  hybrid  specimens  with  the  parent  races,  and  to  see  if  there  is 
a  parallelism  between  this  and  the  Newfound  Harbor  hybrid  colony. 

100  dissections  have  been  completed  on  the  anatomy  of  the  hybrid  Cerion 
viaregis  X  Cerion  incanum,  text  for  which  it  is  hoped  will  be  shortly  completed. 
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Electrical  Resistance  of  Valonia,  by  L.  R.  Blinks 

This  investigation  made  use  of  the  good  supply  of  Valonia  ventricosa  and 
V.  macrophysa  at  Tortugas,  in  continuance  of  studies  on  the  electrical  resist- 
ance of  protoplasm.  These  multinucleate  cells  are  large  enough  to  permit  one 
to  measure  the  amount  of  current  passing  around  the  cell  through  the  cellulose 
wall,  and  hence  to  calculate  the  real  resistance  of  the  protoplasm.  The 
details  of  this  technique  are  being  published  elsewhere. 

Former  experiments  showed  that  with  selected  good  cells  in  the  laboratory, 
the  protoplasm  was  a  very  good  insulator  (at  low  potentials),  i.e.,  few  ions 
passed  through  the  protoplasm.  In  cells  freshly  gathered  at  Tortugas  the 
past  summer,  however,  the  resistance  of  the  protoplasm  was  much  lower,  and 
there  was  a  definite  passage  of  ions  at  the  same  potentials  as  used  before  (15 
to  25  millivolts  potential  drop  along  the  cell) .  At  slightly  higher  potentials 
the  resistance  increased,  and  usually  rose  sharply  at  above  50  millivolts  to 
double  or  more  the  lower  value.  In  some  cases  this  rose  to  nearly  complete 
impermeability  to  ions,  but  usually  fell  below  such  a  level.  The  effect  was 
also  reversible,  low  potentials  again  causing  a  greater  flow  of  ions.  Occa- 
sionally a  cell  would  pass  over  from  this  variable  resistance  to  a  constant  high 
level  at  all  potentials,  or  be  found  at  first  in  this  condition,  to  become  variable 
during  experimentation. 

At  very  high  potentials,  200  millivolts  or  more,  the  resistance  was  in  all 
cases  lowered,  breakdown  and  death  resulting  from  long  applications  of  high 
potentials.     This  is  irreversible. 

This  divergence  from  Ohm's  law  suggests  a  polarization  effect,  but  the  study 
of  opening  and  closing  circuits,  with  an  Einthoven  galvanometer  in  the  bridge 
to  follow  quick  changes,  indicates  strong  differences  from  ordinary  polariza- 
tion. A  more  likely  cause  seems  to  be  the  formation  of  a  non-conducting 
structure  under  the  influence  of  a  polarization  gradient.  There  may  be  a 
surface  film  formed  when  sufficient  ions  accumulate.  Experiments  with  cells 
injured  at  one  end  showed  the  increase  of  resistance  to  occur  only  when  the 
normal  end  was  positive.  Thus  an  excess  of  certain  cations  or  deficiency  of 
certain  anions  may  cause  the  formation  of  a  nonconducting  surface. 

The  question  remains  whether  the  entire  protoplasm  varies,  or  whether  the 
inner  vacuolar  surface  remains  impermeable  to  ions  and  the  outer  surface 
varies.  Thus  the  thin  film  of  protoplasm  would  offer  a  path  for  current  at 
low  potentials  but  become  more  or  less  completely  cut  out  by  the  formation 
of  a  nonconducting  outer  surface  at  higher  potentials.  The  numerical  rela- 
tions strongly  suggest  this  effect.  Several  criteria  are  being  applied  to 
determine  its  possibility. 

The  cause  of  this  variability  is  uncertain.  It  may  be  a  consequence  of 
slight  injury  in  collecting  and  cleaning  the  cells.  It  may  be  due  to  the  high 
temperatures  at  which  the  experiments  are  carried  out  at  Tortugas.  Or  it 
may  represent  the  normal,  growing  state  of  the  cells  under  their  natural 
conditions  in  tropical  waters.  The  occurrence  of  the  effect,  however,  shows 
the  value  of  working  at  the  source  of  supply  on  fresh  material.  Evidence 
from  abnormal  state  is  always  useful  in  analysis,  and  these  findings  suggest 
fruitful  research  on  the  structure  and  properties  of  protoplasm. 
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Diatom  Research  at  the  Tortugas  Laboratory,  by  Paul  S.  Conger 

Diatom  research  at  the  Tortugas  Laboratory  is  at  present  in  too  preliminary 
a  stage  to  warrant  a  detailed  report,  1927  being  the  third  season  of  collecting 
and  observation.  It  has  become  evident,  however,  that  the  diatom  flora 
shows  strongly  local  characteristics,  its  closest  similarity  being  with  that  of 
the  West  Indies. 

The  influence  of  the  calcareous  quality  of  the  water  there  is  also  evident , 
especially  in  its  reduction  of  the  amount  of  available  silica  needed  for  normal 
diatom  growth.  By  the  use  of  special  methods  of  collecting  to  meet  this  last 
condition  it  is  found  that  the  seeming  scarcity  of  diatoms  in  the  Tortugas 
area  is  not  a  real  one — a  fact  foreshadowed  by  the  abundant  animal  life 
inhabiting  these  waters. 

This  year  the  collection  of  material  has  been  extended  to  take  in  the 
vicinity  of  Tampa  Bay,  as  it  will  be  advantageous  to  compare  the  Tortugas 
genera  and  species  with  those  native  to  the  west  coast  of  Florida. 

Study  of  the  Activities  of  the  Larvx  of  Ascidians,  by  Caswell  Grave 

The  study  of  the  activities  and  structure  of  the  larvae  of  ascidians  was 
continued  from  June  19  to  July  30. 

The  species  upon  which  observations  were  made  have  been  identified  by 
Dr.  W.  G.  VanName,  American  Museum  of  Natural  History,  as  Symplegma 
viride  (Herdman),  Polyandrocarpa  tincta  (VanName)  and  Leptoclinum 
macdonaldi  (Herman). 

Special  attention  was  paid  to  the  Symplegma  and  Polyandrocarpa  larvae 
because  of  the  evident  similarities  of  their  structure  to  that  of  the  larva  of 
Botryllus.  It  is  anticipated  that  a  comparative  study  of  the  sense  organ  and 
peripheral  nervous  system  peculiar  to  this  type  of  larva  may  reveal  homologies 
now  obscure. 

The  difficulty  experienced  by  investigators  at  the  laboratory  in  keeping 
organisms  in  normal  condition  for  long  periods  in  aquaria,  due  to  temperatures 
during  the  day  being  much  higher  than  that  of  the  normal  habitat  of  the  species, 
was  overcome  this  summer  in  a  highly  satisfactory  manner  through  the  ingen- 
uity and  resourcefulness  of  John  Mills.  The  equipment  by  which  the  desired 
result  was  secured  consists  of  a  shallow  zinc  pan  the  size  of  the  laboratory 
table  upon  which  it  rests,  about  3  feet  in  width,  8  feet  in  length  and  4  inches  in 
depth,  with  outlets  at  the  bottom  and  at  the  3-inch  level  at  one  end.  At 
the  opposite  end  a  5-sided,  tent-shaped  frame  work,  about  5  feet  in  height  and 
3  feet  in  diameter  at  the  base,  was  erected  and  covered  with  cheese  cloth. 
At  the  apex  of  the  "tent"  was  attached  a  sprinkler  that  sprayed  the  cheese 
cloth  with  sea-water.  Through  evaporation  from  the  tent  surface  the  water, 
filling  the  pan  to  a  depth  of  3  inches,  maintained  a  temperature  throughout 
the  heat  of  the  day  about  that  of  the  open  water  at  the  laboratory  wharf . 
At  night,  if  the  spray  was  not  turned  off,  the  temperature  of  the  water  in  the 
pan  fell  3°  to  4°  (F.)  below  that  of  the  water  at  the  wharf.  Dishes  and  aquaria 
set  in  the  Mills  Water  Table  maintained  a  temperature  the  same  as  that  of 
the  water  surrounding  them.  A  rectangular  concrete  block  4  inches  in  thick- 
ness, placed  in  the  water  table  at  one  side,  served  as  a  support  for  the  micro- 
scope.    The  efficiency  of  this  equipment  in  controlling  water  temperature 
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within  the  limits  desired  is  shown  by  the  following  partial  record  made  this 
summer: 


Date 

Air  temp,  in 
laboratory 

Water  temp,  in 
aquaria  in  lab. 

Water  temp, 
at  wharf 

Water  temp,  in 
Mills  water  table 

6/22/27      2.45  p.  m. 
7/1            3 

7/5            2 
7/24            2.30 

0 

96 

96.8 
97.5 
101 

89.6 
89.6 
92.5 
93 

o 

86 

86 
86 

o 

85 
85 
86 
86 

The  most  interesting  and  perhaps  significant  result  of  the  work  of  the  season 
is  the  accidental  discovery  that  light  is  essential  to  metamorphosis  of  the  larva 
of  Symplegma  and  that  a  direct  quantitative  relation  apparently  exists  be- 
tween the  duration  of  the  free-swimming  period  of  the  larva  and  the  light  to 
which  the  larva  is  exposed.  It  was  found  that  an  exposure  to  direct  sunlight 
for  about  12  minutes  immediately  following  their  liberation  from  the  parent, 
between  8  and  11  o'clock,  is  sufficient  to  induce  the  attachment  and  metamor- 
phosis of  a  relatively  large  number  of  individuals.  Larva?  kept  in  the  dark 
lived  and  continued  to  show  typical  activities  and  responses  for  periods  as 
long  as  three  days  but  failed  to  undergo  metamorphic  change.  About  50  per 
cent  of  other  larvae,  exposed  to  the  diffuse  light  of  the  laboratory,  transformed 
after  2  to  10  hours,  but  attachment  usually  did  not  occur  and  abnormalities 
of  form  were  frequent  in  the  ascidiozooids. 

These  results  may  be  accounted  for  on  the  assumption  that  each  larva 
contains  a  definite  quantity  of  a  photo-chemical  substance  that  is  destroyed 
or  changed  when  exposed  to  light;  that  the  specific  stimulus  to  metamorphic 
change  is  not  liberated  or  does  not  become  effective  until  this  photo-chemical 
substance  is  destroyed  or  changed. 

Time  and  available  equipment  were  lacking  for  a  more  precise  quantitative 
determination  of  the  quantity  of  light  required  to  cause  metamorphosis.  It 
remains  for  future  experimentation  to  determine  this  and  also  the  specific 
light  component  that  is  effective. 

Bi-specific  conglomerations  of  sponges,  by  M.  W.  de  Laubenfels 

In  1925  Professor  H.  V.  Wilson  carried  on  certain  investigations  at  Tortugas 
bearing  on  a  problem  he  first  undertook  in  1907,  involving:  (1)  Is  it  possible 
to  induce  the  dissociated  cells  of  different  species  of  sponges  to  combine  and 
form  a  composite  individual?  (2)  What  are  the  conditions  of  hereditary 
resemblance  (kinship)  and  of  physio-chemical  environment  which  will  deter- 
mine or  inhibit  such  a  combination  of  cells?  It  is  now  possible,  in  a  measure 
at  least,  to  answer  both  questions.  During  the  Summer  of  1927  the  writer 
experimented  with  the  three  most  promising  of  the  sponges  (genus  Pachy- 
chalina)  used  by  Professor  Wilson  in  1925.  One-hundred  and  fourteen  separate 
experiments  were  carried  out  (including  the  controls)  and  ten  apparently 
important  factors  were  thus  analyzed.  Success  was  met  with  in  forcing  inter- 
specific conglomeration  and  in  rearing  young  conglomerate  sponge  masses. 
Further  experimentation  remains  to  be  carried  on  with  the  chemical  bases  of 
conglomeration,  particularly  as  to  modifications  possible  by  chemical  altera- 
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tions  in  the  environment,  thus  possibly  forcing  the  abnormal  cell  unions 
brought  about  this  Summer  by  physical  means, 

When  sponges  are  forced  through  bolting  cloth  the  result  is  a  detritus  (at 
first  a  suspension)  consisting  mainly  of  single  cells,  but  containing  a  few 
spicules,  small  groups  of  several  cells  and  also  cell  fragments.  The  three 
species  used  are  referable  to  the  same  genus  only  because  of  similarities  in 
spiculation,  fibers  and  skeletal  structure  in  general.  Their  protoplasmic 
portions  contrast  strongly,  having  marked  differences  in  color,  texture  and 
consistency.  The  strongly  pigmented  cells  present,  in  one  species  brick  red, 
in  the  second  green,  and  in  the  third  dark  purple,  made  possible  the  identifica- 
tion of  cells  in  the  expressed  cellular  material  and  in  re-uniting  masses.  Most 
of  the  cells  are  ameboid,  and  these  put  forth  pseudopods  after  reaching  the 
substratum.  They  then  gather  up  the  other  cells  of  their  own  species,  masses 
of  2  to  200  cells  continuing  the  ameboid  movements.  Larger  masses  are  non- 
motile  but  send  out  protoplasmic  processes  to  distances  of  2  to  3  mm.  and 
adhere  to,  then  contract,  and  thus  draw  in  neighboring  cells  and  cell 
aggregates.  In  this  manner  they  may  form  units  several  centimeters  in 
diameter,  but  much  smaller  ones  are  to  be  encouraged  as  the  interior  cells  of 
the  larger  ones  suffocate. 

Wilson,  Miiller,  Galtsoff  and  Huxley  have  published  regarding  the  process 
whereby  perfect  sponges  are  regenerated  thus  from  expressed  cells.  These 
authors  usually  settled  the  cells  in  sea-water,  distributed  them  on  slides  with  a 
pipette,  and  often  moved  them  from  their  container  several  times;  sponges  with 
flagellate  chambers  were  thus  obtained  in  two  to  five  days.  The  writer  tried 
settling  the  cells  directly  on  a  petri  dish,  40  minutes  later  cautiously  sliding  a 
glass  plate  over  the  dish,  and  thus  transferring  the  developing  masses,  with 
practically  no  disturbance,  into  an  aquarium  where  they  could  have  running 
water;  sponges  with  flagellate  chambers  were  obtained  by  this  method  in  less 
than  24  hours. 

The  interspecific  conglomerations  may  be  compared  to  graftings  as  in  the 
well-known  work  of  Crampton  with  moths,  Joest  with  earthworms,  and 
Harrison  with  tadpoles,  but  in  the  present  case  cells  were  grafted  in  among 
cells.  As  Wilson  and  Galtsoff  note  and  the  writer  confirms,  sponge  cells 
when  motile  ordinarily  refuse  adherence  to  cells  not  of  their  own  species; 
many  species  combinations  have  been  tried  with  that  result.  A  brief  sketch 
follows  of  the  writer's  successful  method  of  forcing  such  union  artificially, 
with  analysis  of  ten  factors  involved. 

(1)  Time  of  mixing:  This  was  necessarily  before  expressing,  i.  e.  chopped-up 
pieces  0.5  mm.  in  diameter,  of  the  two  species,  were  mixed  in  the  same  bag. 

(2)  Technique  of  expressing:  It  was  found  necessary  to  keep  the  water 
into  which  the  cells  were  being  expressed  strongly  agitated  during  the  process, 
and  for  about  one  minute  afterward. 

(3)  Handling  the  cellular  detritus:  Pipetting  and  strewing  were  found 
advisable,  otherwise  a  weaker  conglomeration,  or  none,  was  secured.  Strew- 
ing is  best  done  30  to  50  minutes  after  expressing. 

(4)  Handling  the  cellular  aggregates:  It  was  found  best  to  leave  them 
absolutely  undisturbed  after  the  first  hour.  They  need  to  be  watched  closely, 
and  those  that  die  must  be  removed  as  promptly  as  possible. 
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(5)  Running  or  still  water:  Still  water  was  found  to  be  necessary  for  the 
first  two  hours,  after  that  running  water  was  needed.  As  quickly  as  attach- 
ment is  made  to  the  substratum  the  masses  should  be  transferred  to  a  live  car. 

(6)  Density  of  strewing :  Moderately  dense  strewing  favored  conglomera- 
tion but  increased  the  danger  of  smothering.  The  optimum  density  was 
found  to  be  a  layer  that  was  barely  opaque. 

(7)  Collection  of  material:  It  was  found  that  sponges  kept  in  a  live  car 
more  than  a  week  before  being  used  yielded  cellular  material  that  did  excel- 
lently in  the  first  day  or  two  of  conglomeration  and  metamorphosis,  but  that 
always  succumbed  to  pathogenic  organisms  before  becoming  perfect  sponges. 
For  best  results,  freshly  collected  material  is  recommended,  and  it  should 
neither  be  crowded  in  the  collecting  pails,  nor  exposed  to  air,  nor  to  hot 
sunshine. 

(8)  Time  of  season :  In  the  latter  part  of  July,  at  least  one  of  the  species 
used  was  found  to  contain  numerous  embryos,  and  from  then  on  it  and  one 
of  the  others  gave  no  satisfactory  results. 

(9)  Effect  of  light :  Bright  warm  sunshine  was  fatal  in  a  few  hours  to  the 
expressed  cells  of  two  of  the  species  used,  but  did  not  affect  the  third;  con- 
tinued darkness  was  fatal  to  those  of  this  latter,  however,  while  having  little 
or  no  effect  on  those  of  the  other  two.     The  optimum  was  ordinary  room  light. 

(10)  Chemical  alteration  of  the  water  used:  Only  one  such  alteration  was 
tried,  i.  e.,  addition  of  a  dilute  base  to  the  water  in  which  the  sponges  were 
expressed  and  kept.  The  quantity  added  was  1  c.c.  of  tenth  normal  NaOH 
per  100  c.c.  of  sea-water.  This  was  found  distinctly  favorable  to  conglomera- 
tion and  the  early  stages  of  metamorphosis,  that  is  to  say,  up  to  the  time  when 
it  was  necessary  to  transfer  to  running  water,  but  after  such  transfer  the 
sponges  from  the  hydroxyl  solution  lost  vitality  as  compared  to  controls  and 
died  in  6  to  8  hours. 

This  partial  failure  of  chemical  as  compared  to  physical  methods  is  not 
final.  H.  V.  Wilson  has  pointed  out  the  analogy  between  the  fusion  of  co- 
operating sponge  cells  and  the  fusion  of  the  egg  and  sperm  in  fertilization,  and 
D.  H.  Tennent  has  succeeded  in  regulating  cross-fertilization  chemically. 
The  success  of  the  writer's  experiments  seems  due  to  the  particular  technique 
of  expressing  and  handling  the  tissue,  but  extensive  trial  of  chemical  agencies 
should  yield  interesting  results. 

The  bi-specific  conglomerations  began  metamorphosis  much  more  slowly 
than  re-uniting  masses  of  a  single  species,  and  none  completed  the  process, 
but  all  three  combinations  were  secured.  In  the  one  case  bi-specific  masses 
were  obtained  plainly  containing  both  red  and  green  cells,  capable  of  fusing 
with  each  other  and  kept  alive  in  the  laboratory  1  to  4  days.  In  the  second 
case  bi-specific  masses  containing  green  and  purple  cells  were  obtained, 
actively  fusing  with  each  other,  often  living  as  much  as  4  days  in  the  labora- 
tory and  in  a  few  cases  making  attachment  to  the  glass.  None,  however, 
survived  over  a  week  in  the  live  car.  In  the  third  case  bi-specific  masses 
were  obtained,  containing  both  red  and  purple  cells.  These  were  often  kept 
alive  as  much  as  4  days  in  the  laboratory,  many  made  attachment  to  the 
glass  (on  slides  and  petri  dishes)  and  a  few  were  kept  in  the  live  car  9  to  10 
days.  One  such  mass  culture,  at  13  days  after  being  expressed,  showed 
numerous   flagellate   chambers.     This   particular   culture   comprised   many 
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masses  of  which  the  larger  were  around  2  by  6  mm.  and,  where  they  were  not 
too  thick,  both  red  and  purple  cells  could  still  be  distinguished. 

Observations  upon  the  Ecology  of  Tortugas  Fishes  with  Notes  upon  the  Taxonomy 

of  Species  New  or  Little  Known  (Definition  of  Three  New  Genera  and 

Two  Species),  by  W.  H.  Longley 

Work  during  the  summer  at  Tortugas  (June  5  to  August  27,  1927)  and 
supplementary  studies  of  species  in  the  collections  of  the  U.  S.  National 
Museum — in  the  course  of  which  every  facility  was  courteously  placed  at 
my  disposal  by  Mr.  Barton  A.  Bean,  in  charge  of  the  Division  of  Fishes — 
yielded  taxonomic  results  summarized  as  follows: 

(1)  Clinus  ocellatus  Steindachner  (Malacoctenus  ocellatus  Jordan  and 
Evermann)  must  be  recognized  as  the  type  of  a  new  genus,  for  which  I  propose 
the  name  Andr acanthus.  It  is  distinguished  by  its  elongate  body,  slightly 
elevated  profile,  the  even  contour  of  its  spinous  dorsal,  which  is  not  elevated 
anteriorily,  and  particularly  by  the  fact  that  in  the  male  the  genital  duct 
extends  along  the  anterior  face  and  beyond  the  tip  of  the  enlarged,  elongate, 
isolated  first  anal  spine.  A.  culebrse  (Evermann  and  Marsh)  is  a  second 
species  of  the  genus. 

(2)  Four  species  of  Emblemaria  Jordan  and  Gilbert  available  for  study  in 
the  National  Museum  agree  in  displaying  sexual  dimorphism  in  unusual 
degree  and  in  possessing  a  maxillary  acuminate  posteriorly.  The  sexual 
differences  referred  to  include,  in  the  male,  hypertrophy  of  the  spinous  dorsal, 
more  or  less  marked  hypertrophy  of  the  ocular  cirri,  and  the  foliose,  as  opposed 
to  the  filar  development  of  the  ventrals  in  the  female. 

New  species  collected  at  Tortugas  necessitate  the  definition  of  two  genera 
of  Emblemariinas,  for  which  I  propose  the  names  Emblemariopsis  and  Parem- 
blemaria.     The  type  of  the  former  is  E.  diaphana,  and  of  the  latter  P.  aspera. 

Emblemariopsis  differs  from  Emblemaria  in  possessing  a  maxillary  thin, 
broad  and  rounded  posteriorly,  and  in  displaying  little  or  no  sexual  dimor- 
phism except  in  color  (and  in  the  external  genitalia,  as  all  Emblemariinse  do). 
Its  maxillary  resembles  that  of  Emblemariopsis,  but  the  postero-dorsal  margin 
of  the  orbit  is  spiny,  as  is  also  the  vertex  of  the  cranium.  The  teeth  on  the 
vomer  are  stronger  than  in  Emblemaria  or  Emblemariopsis,  and  those  upon 
the  palatine  bones  are  conical  and  in  two  rows. 

(3)  Comparison  of  material  from  Tortugas  with  Poey's  original  description 
makes  it  clear  that  Gnathypops  maxillosa  Jordan  and  Evermann  is  not  the 
same  as  Gnathypops  maxillosa  (Poey).  For  the  former,  first  collected  at 
Tortugas  by  Dr.  Whitehurst,  I  propose  the  name  G.  whitehursti. 

(4)  In  form  and  structural  detail  the  fleshy  growths  upon  the  anal  spines 
of  the  adult  male  Rupiscartes  atlanticus,  and  the  shape  of  the  genital  papilla  in 
the  same  sex,  with  an  unusual  disposition  of  the  genital  ducts  justify  the 
retention  of  the  genus  Rupiscartes  for  this  and  for  Pacific  forms  agreeing  with 
it,  which  by  various  authors  have  been  included  with  other  species  in  the 
genus  Alticus. 

During  the  season  the  breeding  places  and  eggs  of  the  ten  species  following 
were  discovered:  one  goby,  Rhinogobius  glancofrxnum;  two  pomacentrids, 
Chromis  insolatus  and  Microspathodon  chrysurus;  seven  blennies,  Rupiscartes 
atlanticus,  Malacoctenus  moorei,  Chxnopsis  ocellatus  (?),  Emblemaria  pandionis, 
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Emblemariopsis  diaphana,  Paremblemaria  aspera  and  an  additional  unidentified 
emblemarine.  The  eggs  of  all  are  guarded  till  hatching,  exclusively,  it  seems, 
by  the  male  fishes. 

Omitting  from  consideration  the  species  last  mentioned,  which  is  exceed- 
ingly rare,  we  may  say  of  the  remaining  three  Emblemariinse  that  E.  diaphana 
is  rather  rare,  E.  pandionis  is  common,  and  P.  aspera  very  common.  But, 
as  usually  appears  when  the  distribution  of  related  species  of  the  same  region 
is  carefully  studied,  their  ranges  are  very  different.  E.  pandionis  breeds  on 
relatively  bare,  smooth  bottom,  living  and  laying  its  eggs  for  the  most  part 
in  small  more  or  less  water-worn  bits  of  coral.  P.  aspera  is  found  on  the  rocky 
reef  and  occupies  small  burrows  of  dead  Liihodomus  in  eroded  coral  surfaces 
overgrown  by  microscopic  algaB.  Its  range  extends  vertically  to  a  height  of 
two  feet,  or  a  little  more,  above  the  bottom.  E.  diaphana  is  confined  to 
massive  coral  heads  or  the  surface  of  gorgonians  growing  upon  them.  It 
frequently  shelters  itself  and  eggs  in  the  vacated  galls  of  crabs  (Troglocarcinus) 
infesting  the  Orbicellx,  and  often  creeps  over  the  living  coral  surface.  The 
coloration  of  the  three  species,  as  well  as  the  range  of  color-change  they  dis- 
play, is  clearly  correlated  with  the  differing  hues  of  their  respective  habitats. 

Four  species  of  Gnathypops  live  in  vertical  pits  in  shallow  water  at  Tortugas. 
G.  maxillosa,  macrops  and  whitehursti  remain  for  the  most  part  in  these  shelters 
or,  if  they  leave  them,  slip  out  horizontally  upon  the  bottom  about  them. 
They  are  all  marked  with  brown  and  gray  in  mottled  patterns.  G.  aurifrons 
floats  for  a  great  part  of  the  day  at  an  average  level  8  to  10  inches  higher,  and 
is  marked  except  upon  its  face  with  a  bluish-gray  water  color,  delicate  and 
uniform  except  for  counter-shading. 

It  may  seem  incredible  that  a  difference  in  habits  so  slight  as  seems  to  dis- 
tinguish the  Gnathypops  species  should  be  of  sufficient  importance  to  direct 
the  operation  of  natural  selection  toward  such  different  ends  as  their  con- 
trasted types  of  coloration.  Nothing  more  seems  to  be  involved  than  feeding 
and  being  fed  upon  in  horizontal  planes  a  few  inches  removed  from  one  an- 
other.    It  is  in  this  connection  the  observations  below  acquire  significance. 

The  four  species  of  Gnathypops  are  subject  to  infection  by  the  same  trema- 
tode.  Two  specimens  of  G.  macrops  contained  a  total  of  14  encysted  in  the 
air  bladder;  seven  G.  whitehursti  contained  43;  and  nine  G.  maxillosa,  198. 
Not  one  specimen  of  the  three  species  was  entirely  free  from  these  parasites. 
By  contrast  17  G.  aurifrons  contained  only  20  cysts,  and  nine  of  the  fishes 
were  uninfected.  The  explanation  of  the  statistical  result  is  not  important 
at  this  time,  though  not  remote.  It  is  important  only  that  it  seems  proven 
that  species,  that  to  uncritical  observation  seem  to  be  leading  the  same  sort  of 
lives  in  the  same  environment,  do  actually  stand  in  very  different  relation  to 
the  organic  world  about  them. 

Emblemariopsis  diaphana,  New  Species 

Head  3.8;  depth  5.9;  eye  3.8.  D  xxi,  12-13;  A.  n,  22;  P.  13  V.  i.  3.  Body 
slender,  compressed,  tapering.  Snout  short,  mouth  large,  lips  fleshy  and 
deflected.  Outer  teeth  slightly  incurved  canines,  larger  anteriorly  and  in 
the  upper  jaw,  villiform  teeth  within,  anteriorily  only.  Teeth  upon  vomer 
and  palatines.  Pectorals  broad  and  long,  reaching  second  anal  ray.  Ventrals 
scarcely  reaching  vent.  Slight  notch  behind  third  dorsal  spine  in  female. 
Caudal  short  and  rounded.    No  ocular  or  nuchal  cirri.    In  life  largely  trans- 
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lucent.  Males  darker  over  head  and  more  heavily  pigmented  than  females. 
Both  sexes  changeable  in  shade.  The  visible  color  chiefly  spread  upon  the 
meninges,  peritoneum  and  along  the  vertebral  column.  In  alcohol  relatively 
opaque,  with  a  series  of  small  dark  spots  tending  to  fall  at  base  of  alternate 
supports  of  dorsal  and  anal  fins.  Type  a  male  30  mm.  long.,  from  Tortugas, 
deposited  in  the  U.  S.  National  Museum. 

Paremblemaria  aspera,  New  Species 

Head  4.2;  depth  6.6;  eye  5.3.  Dorsal  fin  supports  36-39;  spines  xx  to 
xxii,  rays  15  to  19.  A.  n,  23-25;  P.  13;  V.  i.  3.  Body  slender,  compressed, 
tapering.  Profile  steep,  snout  short;  lips  deflected  and  fleshy.  Maxillary 
lamellate,  rounded  at  tip  and  extended  little  beyond  postero-ventral  angle  of 
preorbital.  Outer  teeth  strong  blunt  canines,  supplemented  anteriorly  by 
smaller  ones  within,  and  diminishing  posteriorly.  Intermediate  members  of 
series  strongly  incurved.  Ten  strong  conical  teeth  on  vomer.  Double  row  of 
similar  teeth  on  palatines.  Orbital  ridge  strongly  serrate,  especially  at 
postero-dorsal  margin,  lower  margin  of  preorbital  crenate.  Pair  of  strong 
sharp  post  ocular  spines  and  lateral  to  these  two  ridges,  with  three  or  four 
spines  each,  converging  toward  occiput.  Dorsal  fin  beginning  above  posterior 
margin  of  preopercle,  not  elevated  in  either  sex,  longest  spine  less  than  longest 
soft  rays.  Pectorals  much  longer  than  ventrals  but  not  reaching  vent.  Pair 
of  multifid  cirri  on  the  nasal  tubes  and  a  pair  of  ocular  cirri  larger  and  even 
more  freely  branched. 

In  coloration  dimorphic.  Females  straw  color  with  a  few  dark-brown  spots 
on  head,  throat  and  base  of  pectorals.  Males  with  corresponding  spots  less 
distinctly  shown  on  a  darker  ground,  and  with  a  distinct  ocellus  behind  the 
third  dorsal  spine.    Both  sexes  changeable  in  shade. 

Type  a  male  33  mm.  long.,  from  Tortugas,  and  deposited  in  the  U.  S. 
National  Museum. 

Further  Studies  on  the  Behavior  of  Larval  Trematodes  from  Dry  Tortugas,  by 

Harry  M.  Miller  jr. 

The  behavior  of  the  six  species  of  larval  trematode  found  infesting  Cerithium 
litteratum  from  the  Porites  beds  (Year  Books  Nos.  24,  25)  has  been  further 
studied.  Three  of  these  are  particularly  interesting  and  are  the  subject  of  the 
main  part  of  the  present  report.  They  are  easily  obtained  in  large  numbers  and 
lend  themselves  well  to  experimental  studies  of  their  reactions,  which  are  as 
yet  of  a  preliminary  nature.  The  results,  with  the  data  from  a  large  number 
of  fresh-water  species  studied  by  the  author,  indicate  that  the  larval,  free- 
swimming  stages  of  trematode  parasites  exhibit  a  great  variety  of  behavior, 
especially  with  respect  to  their  reactions  to  light  and  to  gravity.  It  is  hoped 
that  the  investigations  will  lead  to  an  understanding  of  the  mechanisms  in- 
volved in  the  responses. 

One  of  the  Tortugas  species,  conveniently  designated  Cercaria  D,  reacts  to  a 
sudden  decrease  of  light  intensity  by  immediate,  or  almost  immediate,  cessa- 
tion of  swimming,  followed  by  a  period  of  passive  sinking.  A  fleeting  shadow 
is  sufficient  to  cause  many  larvae  to  stop  swimming.  The  end  of  the  period  of 
passive  sinking  is  not  abrupt,  but  after  5  to  15  seconds  the  inhibition  wears  off 
and  the  larvae,  more  or  less  sporadically,  begin  to  swim  in  the  shadow;  this 
was  incorrectly  reported  last  year  as  a  response  to  decreased  light  intensity. 
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Larvae  at  rest,  either  on  the  bottom  of  the  container  or  sinking  passively, 
also  respond,  after  an  interval,  to  an  increased  light  intensity  by  swimming 
rather  concertedly;  this  reaction  time  in  response  to  increased  intensity  of 
light  varies  inversely,  within  limits,  with  the  duration  of  the  shadow  preced- 
ing. The  reaction  time  to  increased  intensity  of  a  larva  which  has  just  come 
to  rest  after  spontaneously  swimming  in  the  shadow  is  greater  than  that  of 
the  group,  most  of  which  have  been  sinking  passively  for  some  seconds.  The 
average  length  of  swim  in  the  shadow  is  less  than  in  response  to  an  increase  of 
intensity  of  light,  but  the  speed  of  locomotion  is  the  same. 

Cercaria  D  also  becomes  active  and  swims  upward  in  response  to  jostling 
or  picking  up  the  container;  the  reaction  time  is  approximately  equal  to  that  of 
the  response  to  increase  of  intensity  of  light.  A  motionless,  sinking  larva  is  not 
stimulated  by  being  touched  or  pushed  with  a  needle,  as  are  many  other 
species. 

The  unstimulated  swimming  behavior  of  this  species  was  again  studied. 
Freshly  emerged  cercariae  rise  to  and  remain  swimming  at  the  surface,  in  the 
dark  as  in  the  light,  so  that  this  is  probably  a  geonegative  response;  many 
swam  to  the  top  of  a  430-mm.  tube. 

Cercaria  E,  which  at  first  swims  practically  incessantly  at  the  surface  for 
some  hours  and  then  becomes  and  remains  geopositive,  reacts  to  a  decrease  of 
intensity  of  light  by  sudden  cessation  of  locomotion  and  rather  passive  sink- 
ing through  the  water.  At  ordinary  laboratory  temperatures  (between  85° 
and  92°  F.)  the  reaction  time  to  decrease  of  intensity  averages  less  than  2 
seconds;  the  quiet  period  is  about  as  long  and  at  its  end  the  cercariae  more  or 
less  concertedly  resume  swimming.  Some  cercariae  suddenly  cease  locomotion 
in  response  to  a  momentary  shadow.  Some,  but  not  all  cercariae,  react  to 
decreased  intensity  after  they  become  geopositive  and  are  lashing  around  on 
the  bottom  of  the  container.  The  reaction  times  to  decrease  of  light  of  dif- 
ferent intensities  in  the  laboratory,  darkroom  and  sunlight  were  studied  and 
the  duration  of  the  quiet  period  determined. 

The  length  of  time  that  the  larvae  remain  swimming  at  the  surface  is  about 
the  same  in  the  dark  as  in  the  laboratory  at  ordinary  temperatures;  the 
effects  of  low  temperatures  on  the  length  of  the  geonegative  period  and  on 
geopositive  larvae  were  studied.  Cercariae  which  have  recently  become 
geopositive  are  not  made  geonegative  by  replacing  the  water  with  fresh  sea- 
water  saturated  with  oxygen.  The  aggregation  of  larvae  after  they  become 
geopositive  is  probably  not  a  reaction  to  light.  The  upper  and  lower  critical 
temperatures  at  which  locomotion  ceases,  and  those  at  which  the  reaction  to 
decreased  intensity  of  light  no  longer  takes  place,  were  approximately 
determined. 

The  normal  swimming  behavior  of  Cercaria  P  has  been  described  (Year 
Book  No.  25).  It  is  now  found  that  this  larva  responds  instantly  to  a  sudden 
decrease  of  intensity  of  light  by  swimming  upward;  this  is  succeeded  by  a 
period  of  inactivity  before  the  larvae  resume  spontaneous  swimming.  If  the 
shadow  is  removed  after  a  brief  interval  there  is  also  an  immediate  response  to 
increased  light  intensity;  this  is  an  upward  dash,  the  direction  of  which  is 
abruptly  changed  so  that  the  larvae  swim  horizontally  toward  the  light. 
When  about  100  carcarise  are  present  in  a  small  glass  container,  practically 
every  one  responds,  in  this  last  way,  to  a  fleeting  shadow.    But  if  the  shadow 


226  CARNEGIE    INSTITUTION    OF   WASHINGTON 

remain  for  3  or  more  seconds  there  is  no  response  to  increased  intensity  of 
light  when  it  is  removed.  Between  0.2"  shadow  and  3.0"  shadow  the  per- 
centage of  cercarise  responding  varies  inversely  with  the  duration  of  the 
shadow.  The  effects  of  low  temperatures  on  these  reactions  to  decrease  and 
to  increase  of  intensity  of  light  were  studied ;  the  character  of  the  former  is  the 
same,  but  while  the  larvse  still  respond  to  increased  light  intensity  by  an 
upward  dash  their  path  is  not  abruptly  changed  toward  the  horizontal  light. 

Cercaria  P  at  rest  is  very  sensitive  to  the  mechanical  shock  of  jarring  the 
container,  or  to  touch  by  a  needle  or  by  an  active  individual ;  swimming  instan- 
taneously results;  this  response  to  mechanical  stimuli  persists  longer  than  does 
the  reaction  to  change  in  intensity  of  light. 

A  single  infestation  of  Cercaria  Q  was  again  found  this  year,  this  time  with 
many  mature  cercarise.  This  species  swims  intermittently,  in  an  erratic 
fashion,  generally  upward;  during  the  brief  periods  of  rapid  sinking  the  body 
squirms  actively,  but  the  tail  is  almost  motionless.  Cercaria  Q  is  photo- 
positive,  swimming  in  the  most  brightly  lighted  parts  of  the  glass  container  and 
almost  invariably  encysting  on  the  side  toward  the  light.  Progression  toward 
a  strong  light  is  by  a  series  of  short  swims  rather  than  by  a  long,  uninter- 
rupted one.  The  factors  which  bring  about  encystment  or  hasten  it  have  not 
yet  been  determined,  partly  because  of  paucity  of  material.  Encystment  takes 
place  relatively  quickly  in  the  dark,  after  the  cercarise  have  been  in  the  light 
for  some  time ;  preliminary  experiments  indicate  that  light  conditions  are  more 
important  than  hydrogen  ion  concentration  or  low  temperature. 

Observations  on  Spiral  Movement  of  Amebas,  Odontosyllus  Larvae  and  Terns  and 
on  the  Influence  of  Diluted  Sea-water  on  the  Heart  Beat  of  an  Ascidian, 

by  A.  A.  Schaeffer 

It  was  my  intention  to  spend  a  month  or  more  on  a  study  of  the  influence 
of  temperature  on  spiral  movement  on  two  species  of  amebas  (Thecamccba 
munda  and  a  Cochliopodium  sp.)  while  moving  on  quartz  rods  and  tubes  of 
different  diameters,  these  species  being  especially  suited  for  such  experiments. 
But  for  some  unknown  reason  not  a  single  specimen  of  either  of  these  two 
species  could  be  found  at  Tortugas  this  season  although  they  occurred  here 
in  large  numbers  in  the  tidal  pools  and  elsewhere  in  1924.  Twelve  other 
species,  however,  were  encountered  while  searching  for  these  two :  Trichomona 
sphserarum,  T.  pallida,  T.  gumia,  Flabellula  crassa,  F.  mira,  F.  citata,  Mayorella 
conipes,  Vexillifera  aurea,  Dactylosphserium  acuum,  Rugipes  vivax,  Thecamceba 
rugosa  and  Cochliopodium  gulosum.  In  only  one  other  year  out  of  the  seven 
during  which  observations  were  made,  was  a  larger  number  of  species  found 
and  that  was  in  1921,  when  21  species  were  found.  This  indicates  that  the 
cause  of  the  absence  of  Thecamoeba  munda  and  the  (undescribed)  species  of 
Cochliopodium  this  year  did  not  affect  other  amebas,  but  was  more  or  less 
specific. 

These  desirable  species  being  absent,  observations  were  then  made  on  five 
other  species:  Rugipes  vivax,  Thecamccba  rugosa,  Trichamaiba  pallida,  T. 
sphserarum  and  Mayorella  conipes.  Of  these,  only  Trichomona  pallida  and  T. 
sphserarum  gave  worth-while  results  on  spiral  movement,  the  others  being 
unsuitable  on  account  of  irregular  rate  of  movement  or  very  slow  movement. 
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A  considerable  number  of  spiral  turns  were  secured  from  pallida  and  sphsera- 
rum,  which  divided  up  into  left  and  right  turns  in  the  ratio  of  1.7  left  to  1 
right.  This  agrees  with  results  obtained  from  several  other  species  from 
other  localities.  But  these  two  species,  being  of  the  type  that  form  eruptive 
pseudopods  during  locomotion,  are  not  suitable  for  work  involving  tempera- 
ture variations,  as  the  path  can  not  be  measured  with  the  necessary  accuracy. 
But  the  definite  preponderance  of  left  turns  over  right  is  undoubtedly  of  the 
greatest  value  in  the  investigation  of  the  fundamental  mechanism  of  spiral 
movement  in  animals  and  motile  plants  generally,  so  the  substitution  of  this 
work  for  that  intended  on  temperature  has  yielded  results  of  at  least  equal 
value.  It  was  further  found  that  those  amebas  which  move  in  sinusoidal 
paths  on  plane  surfaces  much  of  the  time  do  not  move  spirally  around  glass 
or  quartz  rods  or  tubes  with  the  same  degree  of  regularity  as  those  amebas 
which  seldom  move  in  sinusoidal  paths.  This  is  contrary  to  expectation  and 
the  significance  is  not  clear. 

The  solution  of  the  problem  of  spiral  movement  undoubtedly  requires 
observations  from  as  many  definitely  identifiable  species  of  organisms  as 
possible.  For  this  reason  the  larvae  of  the  "Fire  Worm"  (Odontosyllis)  of 
Bermuda  were  studied.  Its  presence  at  Tortugas  was  made  known  by  Dr. 
Blinks.  The  height  of  the  spectacular  swarming  period  for  the  month  of 
June  occurred  on  the  19th,  about  1  hour  after  sunset  and  4  days  after  full  moon. 
The  larvse  spiral  to  the  left,  in  an  open  spiral  at  the  time  of  well-coordinated 
swimming.  They  are  geotropic  and  apparently  not  attracted  by  light.  A 
number  of  males  were  caught,  attracted  by  a  flash-light,  but  no  sperms  could 
be  found  for  study,  these  having  all  been  discharged  presumably  because  of 
stimulation  from  the  flash-light. 

To  test  spiral  movement  in  flying  birds  3  noddy  terns  and  9  sooty  terns 
were  loosely  but  effectually  blindfolded  and  liberated  one  by  one  from  the 
top  of  Loggerhead  Key  Lighthouse,  about  50  meters  above  sea-level.  All 
these  terns  flew  in  spiral  paths  consisting  of  as  many  as  24  turns,  with  right 
turns  strongly  predominating  in  all  the  birds  except  2.  All  the  birds  began 
to  make  spiral  turns  within  30  meters  of  the  lighthouse  and  some  within  10 
meters.  The  spiral  turns  ranged  from  5  to  30  meters  in  diameter.  The  sooty 
terns  are  much  more  vigorous  fliers  than  the  noddies  and  make  more  spirals, 
since  the  noddies  tend  to  settle  down  on  the  water  after  flying  a  few  minutes. 
Several  of  the  sooty  terns  flew  so  far  asea  that  they  could  no  longer  be  followed 
with  the  field  glass,  and  were  still  spiraling  when  lost  from  view.  All  the 
different  animals  of  whatever  kind  thus  far  tested  therefore  move  spirally 
when  the  guiding  senses  are  not  functioning,  and  the  general  character  of  the 
spiral  turns  of  these  terns  conforms  to  that  of  other  animals. 

In  my  report  in  Year  Book  No.  23  (1924,  page  200),  I  recorded  the  dis- 
covery that  marine  amebas  move  consistently  faster  in  certain  dilutions  of 
sea-water  than  in  normal  sea-water,  and  that  several  ciliates  also  move  faster 
under  similar  conditions.  This  observation  is  of  great  interest  in  the  study  of 
ameboid  movement  generally,  and  possibly  of  special  interest  in  the  study  of 
spiral  movement.  But  no  opportunity  has  presented  itself  so  far  to  test  this 
further,  owing  to  the  absence  of  suitable  amebas.  It  seemed  possible,  how- 
ever, that  the  relationship  between  rate  of  activity  and  concentration  of  salts 
in  sea-water  might  be  more  widespread  than  among  protozoa  and,  if  so,  offer 
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another  angle  from  which  the  relationship  might  be  studied.  I  therefore 
examined  the  larvse  of  a  new  species  of  Ecteinascidia  which  Dr.  Caswell  Grave 
is  studying  and  which  he  kindly  placed  at  my  disposal,  in  various  dilutions  of 
sea-water,  to  see  what  effect  this  treatment  has  on  the  rate  of  heart  beat.  In 
normal  sea-water  at  29°  C.  the  heart  beats  41  times  in  30  seconds  in  larvae 
approximately  23  hours  of  age.  And  the  heart  beats  around  100  times  before 
reversal.  In  75  per  cent  sea-water  the  rate  of  beat  was  accelerated  from  3.5 
to  6  per  cent  for  several  minutes.  But  in  four  minutes  the  normal  beat  was 
resumed.  After  the  normal  rate  is  thus  resumed  in  75  per  cent  sea-water  and 
the  larva  is  then  put  into  100  per  cent  sea- water,  the  rate  of  beat  is  slowed 
down  about  6  per  cent.  The  number  of  beats  before  reversal  was  also  de- 
creased by  this  treatment  and  the  length  of  the  periods  between  reversals 
became  very  irregular,  ranging  from  7  to  48.  In  50  per  cent  sea-water  the 
rate  is  at  first  about  25  per  cent  faster,  but  it  rapidly  falls,  and  after  a  few 
minutes  it  is  only  30  beats  in  30  seconds.  The  response  of  the  larval  Ecteinas- 
cidia heart  is  therefore  similar  to  the  streaming  process  in  ameba  and  to  ciliary 
contraction  in  ciliates,  in  that  dilution  causes  increased  activity.  In  the 
ameba  and  the  ciliates,  however,  the  effect  is  permanent,  affecting  the  proto- 
plasm involved  directly,  while  in  this  ascidian  the  effect  is  temporary  owing  to 
the  presence  of  some  superimposed  regulating  mechanism  which  begins  to 
function  in  a  few  minutes  and  brings  the  rate  of  activity  back  to  normal. 
This  is  an  exceedingly  interesting  result  and  would  well  repay  further  study 
from  several  important  points  of  view. 

Investigations  on  Echinoderm  Eggs,  by  D.  H.  Tennent 

Weighed  amounts  of  eggs  and  ovaries  of  the  sea-urchin  Echinometra 
lucunter  were  collected,  to  be  used  in  a  quantitative  determination  of  the 
organic  substances  which  have  been  separated  by  analysis  from  similar 
material  during  the  past  year. 

Study  on  the  Effect  of  Thyroxin  on  Division  Rates  of  Various  Cells,   by 

Harry  Beat  Torrey 

The  chief  objective  of  my  visit  to  the  Tortugas  Laboratory,  August  2-27, 
was  to  test  further  the  effect  of  thyroxin  on  the  division  rates  of  various  cells. 
It  had  been  shown  earlier  that  thyroxin  depresses  the  fission  rate  of  Para- 
mecium, the  magnitude  of  the  effect  varying  with  the  concentration.  But  the 
possibility  remained  that  this  might  be  a  special  case;  for  observations  had 
already  been  made  on  birds  and  amphibians  clearly  indicating,  under  the 
experimental  conditions,  increased  cell  divisions  following  the  administration 
of  both  thyroid  and  thyroxin;  and  grafts  of  thyroid  tissue  upon  slide  cultures 
of  chick  fibroblasts  had  produced  similar  results  in  Carrel's  laboratory. 

I  observed,  first  of  all,  the  effect  of  thyroxin  on  the  cleavage  of  the  eggs  of  a 
sea-urchin  {Echinometra  lucunter)  and  an  ascidian  (Phallusia  nigra),  both 
abundant  near  the  laboratory  and  breeding  actively  during  my  stay.  Two 
other  urchins  (Clypeaster  and  Tripneustes)  were  collected,  but  proved  not  to 
be  in  favorable  condition  for  experimentation  of  this  sort  at  this  time. 

Without  going  into  details,  it  may  be  said  that  thyroxin  produced  essen- 
tially similar  effects  on  the  eggs  of  two  such  widely  diverse  forms  as  the  in- 
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vertebrate  Echinometra  and  the  chordate  Phallusia.  In  the  first  place,  it 
tended  to  retard  cleavage.  But  it  tended  to  retard  differentiation  as  well. 
Eggs  treated  with  thyroxin  cleaved  less  abundantly,  more  slowly,  gastrulated 
later  and  assumed  the  larval  stages  characteristic  of  each  species  more  de- 
liberately than  the  controls.  The  effect  varied  with  the  concentration  as  in 
Paramecium. 

An  abundance  of  the  hydroid  Pennaria  tiarella  near  the  laboratory  in 
excellent  condition  made  it  possible  to  examine  the  effect  of  thyroxin  on  the 
regeneration  of  that  very  simple  metozoan. 

Pieces  from  the  distal  ends  of  healthy  stems  denuded  of  their  branches  were 
cut  into  two  standard  lengths,  one  shorter,  bearing  the  stumps  of  3  to  4 
branches;  the  other  longer,  bearing  the  stumps  of  10  to  14  branches,  as  a  rule. 
These  were  subjected,  as  in  the  previous  experiments,  to  thyroxin  in  different 
concentrations,  and  the  number  of  regenerated  hyoranths  and  holdfasts,  as 
well  as  the  rapidity  with  which  they  appeared,  were  noted.  The  well-known 
influence  of  contact  on  the  direction  of  differentiation  in  hydroid  buds  and 
certain  initial  inequalities  in  regenerative  capacity  among  the  stems  intro- 
duced certain  small  irregularities  in  the  data.  But  it  became  finally  clear  that 
thyroxin  was  exhibiting  the  same  sort  of  retarding  effect  on  the  regeneration  of 
hydranth  and  holdfast  in  this  hydroid  that  had  appeared  in  the  cleavage  stage 
and  early  development  of  sea-urchin  and  ascidian.  A  single  experiment  with  a 
colony  of  the  plumularian  hydroid  Lytocarpus  philippinus,  that  was  found  one 
morning  in  a  cluster  of  Pennaria  stems,  led  to  the  same  general  conclusion. 

It  would  appear,  then,  that  the  case  of  Paramecium  is  not  unique;  that,  on 
the  contrary,  in  widely  different  regions  of  the  animal  kingdom  thyroxin  has 
been  seen  to  depress  all  divisions;  that,  furthermore,  in  certain  cases  in  which 
the  hormones  or  other  vertebrate  endocrines  can  not  conceivably  contribute  to 
the  result,  thyroxin  may  depress  differentiation  as  well. 
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ARCHEOLOGY 

Morley,   Sylvanus   G.,   Santa  Fe,   New  Mexico.     Associate  in  American 
Archaeology.    (For  previous  reports  see  Year  Books  Nos.  13-25.) 

Two  principal  investigations  were  carried  on  during  1927  in  Middle  Ameri- 
can Archaeological  Research  as  follows : 

1.  The  Chichen  Itza  Project. 

2.  The  Uaxactun  Project. 

In  addition  to  these  two  major  projects,  two  expeditions  were  sent  out,  one 
from  Chichen  Itza,  Yucatan,  Mexico,  and  one  from  Uaxactun,  Peten,  Guate- 
mala: 

3.  The  Etzna  Expedition. 

4.  The  Muralla  Expedition. 

The  Chichen  Itza  Project  completed  its  fourth  field  season  on  May  28, 
although  minor  repair  operations  continued  for  another  two  months. 

The  staff  for  1927  was  as  follows:  Sylvanus  G.  Morley,  in  charge;  E.  H. 
Morris,  archaeologist-in-charge  of  excavations;  Karl  Ruppert,  P.  S.  Martin, 
H.  B.  Roberts,  and  R.  A.  Franks  jr.,  assistant  archaeologists;  Jean  Chariot, 
Mrs.  E.  H.  Morris  and  Lowell  Houser,  artists;  E.  L.  Crandall  (U.  S.  Depart- 
ment of  Agriculture),  photographer;  Miss  Katheryn  MacKay,  housekeeper 
and  trained  nurse;  Miss  N.  E.  Piatt,  secretary  and  bookkeeper;  L.  C.  Ham- 
mond, mechanic;  and  Gustav  Stromsvik,  carpenter. 

Dr.  Morley  left  Washington  on  December  14  for  Mexico  City  to  discuss 
the  plans  for  the  current  field  season  with  Mr.  Jose  Reygadas  Vertiz,  the 
Director  of  Archaeology  of  the  Mexican  Government.  While  there  he 
delivered  two  illustrated  lectures  in  Spanish:  one,  under  the  auspices  of  Dr. 
J.  M.  Puig  y  Casauranc,  the  Minister  of  Public  Education,  upon  the  results 
of  the  Institution's  work  at  Chichen  Itza  in  1926;  and  the  other  upon  the 
Institution's  larger  program  of  archaeological  investigations  in  the  Maya  field, 
before  the  Sociedad  Antonio  Alzate,  the  leading  scientific  society  of  Mexico. 
He  reached  Yucatan  on  January  20  where  excavations  were  already  under 
way  in  charge  of  Mr.  Morris. 

Through  an  arrangement  with  Dr.  E.  A.  Hooton  of  the  Bureau  of  Interna- 
tional Research  of  Harvard  University  and  Radcliffe  College  with  a  grant 
from  the  Laura  Spelman  Rockefeller  Fund,  Dr.  and  Mrs.  G.  D.  Williams  were 
sent  to  Chichen  Itza  in  February  for  a  period  of  eight  months  to  make  anthro- 
pometric studies  of  the  native  Maya  Indians  of  the  region.  In  return  for 
the  facilities  of  the  Institution's  establishment  at  Chichen  Itza — laboratory, 
photographic  services,  field  quarters  and  board — Dr.  Williams  served  as  the 
physician  of  the  Project,  and  also  made  basal  metabolism  tests  both  upon  the 
Indians  and  the  white  staff,  for  the  Department  of  Nutrition.  It  was  agreed 
that  both  parties  should  have  access  to  the  results  of  the  joint  investigation, 
and  the  right  to  utilize  them,  giving  proper  acknowledgment  in  either  case 
to  the  other  party.  In  the  metabolism  tests,  Dr.  Williams  used  a  Benedict 
Portable  Student  Apparatus  and  made  an  examination  of  19  members  of  the 
staff  and  36  natives.  He  found  the  natives  running  uniformly  around  10  per 
cent  higher  than  the  staff  members,  practically  all  of  them  on  the  plus  side. 
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Through  the  generosity  of  two  groups  of  friends  of  the  Chichen  Itza 
Project,  the  excavation  and  repair  of  two  smaller  temples  were  made  possible. 
Through  funds  provided  by  General  William  Barclay  Parsons,  Major  L.  G. 
Reed,  Mr.  W.  C.  Osborn  and  Dr.  S.  McCullugh  of  New  York  City,  the 
Temple  of  the  Two  Lintels  at  Old  Chichen  Itza  was  excavated  and  partially 
repaired;  and  through  a  gift  from  Dr.  F.  I.  Proctor  of  Boston  and  Mrs.  E.  C. 
Ritchie  of  Baltimore,  the  Temple  of  the  Wall  Panels  belonging  to  the  Caracol 
Group  was  excavated  and  repaired. 

Again  the  Project  has  benefited  greatly  from  Dr.  Proctor's  skill  in  stereo- 
scopic photography.  During  the  two  months  he  and  Mrs.  Ritchie  were  at 
Chichen  Itza  they  exposed  more  than  500  stereoscopic  negatives  with  highly 
satisfactory  results.  The  peculiar  perspective  properties  of  stereoscopic 
photography  make  it  the  very  best  method  of  recording  stone-carving. 
It  renders  the  depth  of  the  relief  with  a  verisimilitude  unattainable  with  any 
other  type  of  camera. 

In  March  Mr.  Reygadas  and  Mr.  Enrique  Juan  Palacios,  of  the  Direction 
of  Archaeology,  and  Mr.  Frederico  Mariscal,  one  of  the  leading  architects  of 
Mexico,  visited  Chichen  Itza  on  behalf  of  the  Mexican  Government.  Tech- 
nical problems  arising  from  the  excavations  and  repair-work  were  discussed 
with  Dr.  Morley  and  Mr.  Morris  and,  as  a  result  of  Mr.  Reygadas'  visit,  it 
was  decided  that  the  Direction  of  Archaeology  would  continue  the  repair  of 
the  Castillo  with  the  fund  provided  by  the  Ministry  of  Public  Education. 

Urgent  repairs  had  been  made  to  the  Castillo  proper  in  1926  under  the  able 
supervision  of  Mr.  Eduardo  Martinez  Canton  and  Mr.  J.  M.  Erosa  Peniche, 
the  local  representatives  of  the  Direction  of  Archaeology,  and  during  the 
current  season  this  work  was  continued,  as  well  as  the  replacement  of  the 
facing  of  the  north  and  east  sides  of  the  pyramid,  an  enormous  undertaking. 
For  close  on  to  two  centuries,  the  Castillo  has  served  as  a  quarry  for  faced 
stone  for  the  village  of  Piste,  a  mile  and  a  quarter  northeast  of  Chichen  Itza, 
with  the  result  that  much,  if  not  most,  of  the  original  facing  has  been  removed. 
Before  leaving,  Messrs.  Reygadas,  Palacios  and  Mariscal  expressed  themselves 
as  highly  satisfied  with  the  work  that  had  been  done  by  the  Institution  at 
Chichen  Itza;  and  not  a  little  astonished  at  the  magnitude  of  the  operations, 
and  the  amount  accomplished  since  Mr.  Reygadas'  last  visit  in  1925. 

Excavations  at  Chichen  Itza  during  the  current  year  were  carried  on  at 
eight  stations  as  follows: 

Temple  of  the  Warriors  (Station  4). 

Northwest  Colonnade  (Station  10). 

North  Colonnade  (Station  8). 

West  Colonnade  (Station  9). 

Caracol  (Station  5). 

Temple  of  the  Wall  Panels  (Station  14). 

Temple  of  the  Interior  Atlantean  Columns  and  The  House  of 
the  Grinding  Stones  (Station  11). 

Temple  of  the  Two  Lintels  (Station  7),  Old  Chichen  Itza. 

Special  reports  covering  the  excavations  at  the  Temple  of  the  Warriors  by 
E.  H.  Morris,  at  the  Caracol  and  at  the  Temple  of  the  Wall  Panels  by  Karl 
Ruppert,  and  upon  the  art  work  by  Mr.  Chariot  will  be  found  on  pages  240, 
249,  252  and  246,  respectively. 
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The  outstanding  accomplishment  of  the  year  at  Chichen  Itza  was  the  com- 
pletion of  work  (both  excavation  and  repair)  at  the  Temple  of  the  Warriors 
and  the  Northwest  Colonnade  in  front  of  it,  which  has  been  the  principal 
center  of  operations  for  the  preceding  two  field  seasons.1 

When  excavations  were  begun  at  the  Temple  of  the  Warriors  in  February 
1925,  it  appeared  to  be  nothing  more  than  a  forest-covered  mound,  some  50 
feet  in  height,  its  steep,  even  precipitous,  sides  showing  loose  stones  lying 
here  and  there.  Near  the  top  at  the  back  (east)  a  cornice  could  be  distin- 
guished for  a  few  feet;  and  on  the  very  summit  the  tops  of  some  square 
columns.  For  the  rest  it  was  a  tangle  of  thick  undergrowth  with  a  respectable 
number  of  considerably  higher  trees.  Little  was  it  anticipated  that  this 
apparently  plain  and  uninteresting  mound  represented  all  that  was  left  of 
what  had  been  the  most  elaborate  and  magnificent  building  in  the  city. 

The  excavation  of  the  temple  proper  was  completed  in  1925.  Its  repair 
and  that  of  the  greater  part  of  the  supporting  pyramid,  including  the  replace- 
ment of  fallen  sculptured  elements  wherever  possible,  and  the  excavation  of 
the  Northwest  Colonnade  directly  in  front  of  it  occupied  the  greater  part  of 
the  1926  season.  Finally  the  excavation  and  the  very  extensive  repair  work 
upon  the  earlier  temple  buried  in  the  northwestern  corner  of  the  supporting 
pyramid  were  the  principal  activities  of  the  current  season.  There  has  re- 
sulted from  this  great  undertaking  what  is  unquestionably  the  most  impressive 
and  beautifully  decorated  building  at  Chichen  Itza,  if  not  indeed  in  the 
whole  Maya  area. 

Another  important  center  of  investigation,  where  excavation  and  repair 
have  been  going  on  for  three  years,  is  the  Caracol,  or  Astronomical  Observa- 
tory. This  massive  round  tower,  rising  from  a  double-terraced  platform,  is 
unlike  every  other  building  in  the  city;  and  its  function  as  being  a  place  from 
which  astronomical  observations  were  made,  early  marked  it  for  special  study 
by  the  Institution.  During  the  present  year,  the  excavation  of  the  interior 
and  exterior  corridors  was  completed,  and  the  necessary  repairs  were  carried 
to  the  point  that  it  should  be  possible  to  finish  the  preservation  of  this  highly 
important  construction,  perhaps  the  most  important  in  the  city  from  a  purely 
scientific  point  of  view,  in  another  field  season. 

A  third  center  of  investigation  has  been  the  section  known  as  Old  Chichen 
Itza,  stretching  from  0.5  to  2  miles  south  and  slightly  west  of  the  area  included 
in  the  original  base-map,  surveyed  by  J.  0.  Kilmartin  in  1924.2 

The  discovery  here  of  a  re-used  hieroglyphic  lintel  presenting  a  Baktun  10 
Initial  Series,  not  only  the  single  Initial  Series  thus  far  found  in  the  city,  but 
also  the  earliest  contemporaneous  date,  suggested  the  name  Old  Chichen 
Itza,  by  which  this  section  is  known.3  Excavations  were  commenced  here 
in  1925  at  the  Temple  of  the  Four  Lintels  (Station  7),  and  resulted  in  the  dis- 
covery of  two  more  hieroglyphic  lintels.4  In  1926  excavations  were  carried 
on  at  several  places  in  the  Group  of  the  Initial  Series  (Station  13)  f  and  again 
during  the  current  season  in  the  Temple  of  the  Two  Lintels,  and  the  Temple 

1  See  Year  Book  No.  24,  pp.  247,  248,  252-262;  and  Year  Book  No.  25,  pp.  261-269,  282-286. 

2  See  Year  Book  No.  23,  pp.  213-217. 

3  This  lintel  was  discovered  by  E.  H.  Thompson  in  1900.  See  Carnegie  Inst.  Wash.  Pub. 
No.  219,  p.  500. 

4  See  Year  Book,  No.  24,  p.  250. 

5  See  Year  Book  No.  25,  pp.  270-273. 
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of  the  Lintel  (Station  7)  where  three  new  hieroglyphic  lintels  were  discovered 
on  May  6  and  19,  respectively.  These  latest  finds,  together  with  the  dis- 
covery of  a  fourth  hieroglyphic  lintel  built  into  a  stone  water-trough  at  the 
old  abandoned  plantation  of  Jalacal,  3  miles  east  of  the  center  of  the  city, 
make  a  total  of  20  hierogbyphic  lintels1  now  known  at  this  site,  distributed  as 
follows : 

No.  of 

Lintels  Provenance 

2  Temple  of  the  Two  Lintels  at  Yula,  4  miles  southeast  of  Old  Chichen  Itza. 

2  Temple  of  the  Two  Lintels,  Station  7,  Old  Chichen  Itza. 

4  Temple  of  the  Four  Lintels,  Station  7,  Old  Chichen  Itza 

1  Temple  of  the  Lintel,  Station  7,  Old  Chichen  Itza. 

1  Temple  of  the  Initial  Series,  Station  13,  Old  Chichen  Itza. 

1  Akabtzib. 

7  Monjas. 

1  Water-trough  in  front  of  the  plantation  house  at  Chichen  Itza.2 

1  Water-trough  in  front  of  the  plantation  house  at  Jalacal. 

20 

A  comparative  study  of  these  20  lintels  made  by  Dr.  Morley  during  the 
present  season  has  yielded  interesting  results,  among  others  the  probable 
dedicatory  date  of  the  second  story  of  the  Monjas,  one  of  the  most  important 
structures  in  the  city  from  an  architectural  point  of  view,  since  it  is  the  largest 
building  now  extant,  dating  from  before  the  Toltec  Conquest  in  1191  A.  D. 

With  the  single  exception  of  the  Intitial  Series  lintel,  the  other  19  lintels 
present  either  Period-Ending  dates,  tzolkin  dates 3  or  no  dates  at  all,  at  least 
not  recognizable  as  such  in  the  present  state  of  knowledge.  This  leaves  for 
chronological  comparisons:  1  Initial  Series  date;  11  Period-Ending  dates; 
and  5  tzolkin  dates.     Three  of  the  lintels  are  without  recognizable  dates. 

The  dedicatory  date  of  the  Initial  Series  lintel  is  10.2.10.0.0  2  Ahau  13  Chen. 
This  and  the  accompanying  Initial  Series  are  the  most  accurately  fixed  dates 
in  Yucatan,  and  may  be  utilized  as  such  in  any  chronological  investigations. 

The  11  Period-Ending  dates  are  by  no  means  equally  clear.  For  example, 
owing  to  some  sort  of  an  error,  apparently  in  the  original  inscription,  it  has 
been  impossible  to  assign  any  satisfactory  date  to  the  lintel  found  in  the 
water-trough  at  the  Plantation  of  Chichen  Itza,  and  this  in  spite  of  a  close 
first-hand  study  of  its  inscription. 

Again  in  the  case  of  the  lintel  in  the  water-trough  at  the  plantation  of  Jalacal, 
part  of  the  upper  row  of  hieroglyphs  was  battered  off  in  reshaping  it  for  this 
secondary  use,  so  that  the  upper  four-fifths  of  the  Period  hieroglyph  are  gone. 
The  same  condition,  due  in  this  case,  however,  to  a  natural  break,  has  partially 
destroyed  the  Period  hieroglyph  on  the  south  lintel  of  the  Temple  of  the  Two 
Lintels  at  Yula.     And,  finally,  although  the  reading  suggested  for  the  date 

1  The  Temple  of  the  Xtoloc  Cenote  (Station  3)  has  a  carved  lintel  but  no  hieroglyphics. 

2  This  lintel  is  now  in  the  Museum  of  Archaeology  and  History  at  Merida. 

3  Five  of  the  7  hieroglyphic  lintels  in  the  Monjas  commence  with  the  same  day,  8  Manik,  one 
of  the  2G0  different  days  of  the  tzolkin  or  "count  of  days,"  U3ed  by  the  ancient  Maya  priests  in 
casting  horoscopes  and  making  divinations.  Since  any  given  day  of  the  tzolkin,  for  example  8 
Manik,  recurred  at  intervals  of  every  260  days,  this  type  of  date,  without  additional  chronological 
data,  is  practically  useless  for  fixing  the  age  either  of  buildings  or  monuments. 
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of  the  lintel  in  the  Akabtzib  is  probably  correct,  it  is  not  certainly  so.    These 
last  three  dates,  however,  are  probably  correctly  deciphered,  as  given  below: 


Temple  of  the  Two  Lintels  at  Yula  (2  lintels 

Temple  of  the  Four  Lintels,  Old  Chichen  Itza  (4      " 

Water-trough  at  Jalacal  (1  lintel 

Temple  of  the  Two  Lintels,  Old  Chichen  Itza  (1 

Temple  of  the  Lintel,  Old  Chichen  Itza  (1       " 

Akabtzib  (1       " 


Tun  13  ending  on  a  day  1  Ahau. 
Tun  13  ending  on  a  day  1  Ahau. 
Tun  13  ending  on  a  day  1  Ahau. 
Tun  10  ending  on  a  day  1  Ahau. 
Tun  1  ending  on  a  day  1  Ahau. 
Tun  1  ending  on  a  day  1  Ahau. 


Any  one  of  these  dates  could,  and  did,  recur  at  intervals  of  every  260  tuns 
or  256X  years,  but  since  all  of  these  lintels  may  be  assigned  to  a  period  before 
the  Toltec  Conquest  in  1191  A.  D.,  on  stylistic  grounds,  it  has  been  possible  in 
each  case  to  fix  the  corresponding  Initial  Series  date  with  a  considerable 
degree  of  accuracy: 


Temple  of  the  Two  Lintels  at  Yula 

(2  lintels) 

11.9.13.0.0 

1  Ahau 

13  Pop 

1155  A. 

D 

Temple  of  the  Four  Lintels 

(4      "     ) 

11.9.13.0.0 

1  Ahau 

13  Pop 

1155  A. 

D 

Water-trough  at  Jalacal 

(1       "     ) 

11.9.13.0.0 

1  Ahau 

13  Pop 

1155  A. 

D 

Temple  of  the  Two  Lintels 

(1  lintel) 

11.2.10.0.0 

1  Ahau 

3  Uayeb 

1014  A. 

D 

Temple  of  the  Lintel 

(1       "    ) 

11.7.   1.0.0 

1  Ahau 

13  Kankin 

1104  A. 

D 

Akabtzib 

(1       "   ) 

11.7.   1.0.0 

1  Ahau 

13  Kankin 

1104  A. 

D 

An  examination  of  the  preceding  table  at  once  discloses  one  very  suggestive 
point — that  every  one  of  these  10  Period- En  ding  lintels,  whatever  may  be 
the  number  of  the  particular  tun-ending,  which  was  recorded  (i.  e.  in  7  cases, 
a  Tun  13;  in  1  case,  a  Tun  10;  and  in  2  cases,  a  Tun  1)  ends  on  the  same  day, 
namely  1  Ahau. 

It  is,  of  course,  true  that  all  the  tuns  of  Maya  History  ended  on  some  one 
of  the  13  days  Ahau,  as  1  Ahau,  2  Ahau,  3  Ahau,  etc.,  but  that  these  10 
lintels — the  only  10  recording  decipherable  Period-Ending  dates  thus  far 
found  at  Chichen  Itza — representing  6  different  buildings  in  4  widely  scattered 
sections  of  the  city,  should  all  end  on  the  same  day,  when  the  chances  are  13 
to  1  against  it,  seems  to  place  this  phenomenon  beyond  the  range  of  reasonable 
coincidence,  and  strongly  suggests  that  for  some  esoteric  reason,  the  priestly 
caste,  which  decided  such  matters,  deliberately  chose  tuns  ending  upon  the 
day  1  Ahau  for  the  dedication  of  their  temples,  perhaps  as  being  the  most 
auspicious.1 

The  dating  of  the  Temple  of  the  Two  Lintels  (Station  7)  at  Old  Chichen 
Itza  as  11.2.10.0.0  1  Ahau  3  Uayeb  (1014  A.  D.)  has  probably  made  possible 
the  correct  dating  of  the  second  story  of  the  Monjas,  which  has  long  been  a 
matter  of  considerable  importance,  because  of  the  key  position  occupied  by 
this  building  in  the  architectural  sequence  at  Chichen  Itza. 

The  excavation  of  the  Temple  of  the  Two  Lintels  at  Old  Chichen  Itza 
carried  out  this  season  very  clearly  established  its  close  stylistic  relationship 
with  the  Monjas  Group,  many  of  the  decorative  elements  in  the  former  build- 
ing being  duplicated  in  different  units  of  the  latter. 

1  These  10  examples  may  be  increased  to  11  by  the  addition  of  a  painted  capstone  found  by 
Dr.  Morley  in  the  Temple  of  the  Owl  at  the  Group  of  the  Initial  Series  (Station  13)  at  Old  Chichen 
Itza  in  1913.  The  painted  inscription  on  this  capstone  began  with  the  day  1  Ahau,  ending  on  a 
Tun  13.  But  since  the  Temple  of  the  Owl  very  surely  dates  from  the  Toltec  Period  (i.  e.  after 
1191  A.  D.)  the  corresponding  structural  position  of  this  particular  day  1  Ahau  ending  a  Tun  13 
is  in  all  probability  12.2.13.0.0  1  Ahau  13  Chen,  or  1411  A.  D.  Unfortunately  this  beautifully 
painted  capstone  was  destroyed  in  a  fire  at  the  plantation  house  at  Chichen  Itzd  in  1922. 
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Take,  for  example,  the  lattice-work  motif  composed  of  X -shaped  elements, 
which  also  occurs  in  the  East  and  Southeast  Annexes  of  the  Monjas,  the  Iglesia 
and  the  Red  House;  or  again  a  highly  specialized  dentated  motif,  found  also 
in  the  second  story  of  the  Monjas,  and  in  the  Iglesia  even  as  a  cornice,  exactly 
as  in  the  Temple  of  the  Two  Lintels;  a  grecque  motif  found  in  the  foundation 
platform  of  the  East  Annex  of  the  Monjas,  and  in  an  identical  position  in  the 
Temple  of  the  Two  Lintels.  Indeed,  it  is  not  overstating  the  case  to  say 
that  the  stylistic  affinities  between  this  temple  and  the  Monjas  Group  are 
closer  than  are  the  stylistic  affinities  of  either  to  any  third  building  or  group 
of  buildings  in  the  city.  A  priori  this  would  indicate  that  they  both  probably 
date  from  approximately  the  same  period. 

It  has  been  explained  elsewhere  (p.  234,  note  3)  that  5  of  the  7  hieroglyphic 
lintels  in  the  second  story  of  the  Monjas  commence  with  the  same  day, 
namely  8  Manik,  but  as  there  are  no  other  recognizable  calendric  hieroglyphs 
either  on  these  5  lintels,  or  on  the  remaining  2,  and  as  this  day  8  Manik  or  any 
other  day  of  the  tzolkin  could,  and  did,  recur  after  intervals  of  every  260 
days,  the  resulting  accuracy  in  any  period  of  time  above  a  year  is  negligible. 

The  day  Manik,  or  to  be  more  exact  the  13  different  days  Manik,  are  among 
the  only  52  days  of  the  tzolkin,  with  which  the  Maya  New  Year  (0  Pop) 
could  begin,  and  the  not  unreasonable  assumption  was  made  that  the  day  8 
Manik,  recorded  5  times  in  the  second  story  of  the  Monjas  without  its  cor- 
responding month  positions,  was  in  reality  a  Maya  New  Year's  Day,  written 
8  Manik  0  Pop,  which  at  once  reduced  the  possible  occurrences  of  this  date 
from  once  or  even  twice  in  the  same  year  to  but  once  every  52  years. 

Nor  is  this  assumption  especially  far  fetched,  since  all  the  original  sources — 
the  inscriptions  on  stone,  the  codices,  the  Books  of  Chilan  Balam  and  the 
early  Spanish  authorities — agree  that  the  Maya  New  Year  began  with  the 
first  day  of  the  month  Pop,  written  in  Old  Empire  times  and  probably  far 
down  into  New  Empire  times  as  0  Pop.1 

It  must  be  borne  in  mind  in  this  connection,  that  the  Calendar  Round 
Date  8  Manik  0  Pop,  or  any  other  in  fact,  recurred  throughout  Maya  history 
at  52-year  intervals,  and  that  therefore  the  maximum  distance  this  date 
could  be  from  any  other  date  was  only  26  years,  since  any  distance  over  26 
years  would  bring  it  that  much  nearer  its  next  recurrence,  as  for  example  30 
years  after  one  occurrence  would  bring  it  within  22  years,  i.  e.  22  years 
before  its  next  occurrence. 

The  next  problem  was  to  ascertain  how  near  the  date  of  the  Temple  of  the 
Two  Lintels  at  Old  Chichen  Itza,  i.  e.  11.2.10.0.0  1  Ahau  3  Uayeb,2  this 
Calendar  Round  date  8  Manik  O  Pop  could  occur.  This  was  found  to  be 
exactly  5  true  solar  years  later  with  an  error  of  less  than  one  day,  viz : 

11.2.10.0.0  1  Ahau   3  Uayeb  1014  A.  D. 

5.1.7 
11.2.15.1.7  8  Manik  0  Pop      1019  A.  D. 

1  An  extensive  treatment  of  the  shift  of  the  positions  of  the  days  in  the  Maya  months  will  be 
found  in  Carnegie  Institution  Publication  No.  219,  Appendix  II,  pp.  512-524;  and  in  Year  Book  No. 
17,  p.  273,  note  1.  As  there  pointed  out,  this  shift  does  not  appear  to  have  taken  place  until 
toward  the  close  of  the  New  Empire.  Indeed  the  very  day  when  it  may  have  occurred  may  be 
commemorated  on  rings  of  the  Ball  Court  at  Uxmal,  as  having  been  11.15.16.12.14  10  Ix  17  Pop, 
1277  A.  D. 

2  This  lahuntun  ending  itself  fell  only  two  days  before  another  Maya  New  Year's  Day,  viz. 
11.2.10.0.2  3  Ik  0  Pop,  the  single  intervening  day  being:  11.2.10.0.1  2  Imix  4  Uayeb. 
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But  the  Maya  number,  5  tuns  (5X360),  1  uinal  (1X20)  and  7  kins  (7X1), 
equals  1,827  days,  which  in  turn  equals  5  years  of  S65J4  days  each,  and  a 
remainder  of  three-quarters  of  a  day;  but,  since  the  ancient  Maya  did  not 
know  the  use  of  fractions,  this  was  as  near  as  they  could  come  in  their  arith- 
metical notation  to  recording  5  true  years.  Had  the  ancient  Itzan  priests 
used  1,826  days  instead  of  1,827  here,  the  count  would  have  fallen  one-fourth 
of  a  day  short  of  5  true  years,  and  1  day  short  of  a  Maya  New  Year 's  Day, 
reaching  instead  the  day  11.2.15.1.6  7  Cimi  4  Uayeb. 

The  Temple  of  the  Two  Lintels  at  Old  Chichen  Itza  was  probably  erected 
to  commemorate  the  lahuntun  ending  11.2.10.0.0  as  we  have  seen,  and  the 
second  story  of  the  Monjas,  the  most  beautiful  unit  of  the  whole  Monjas 
Group,  was  dedicated  on  a  Maya  New  Year's  Day,  exactly  5  true  years  later. 

The  larger  significance  of  these  new  discoveries  lies  in  the  light  that  they 
throw  upon  the  chronological  sequence  of  architecture  at  Chichen  Itza. 

With  the  help  of  an  increasing  number  of  fixed  dates  recorded  in  a  chro- 
nological system,  which  is  one  of  the  most  beautiful  and  accurate  time  counts 
ever  devised  by  the  human  mind,  and  with  the  help  of  our  increasing 
knowledge  of  the  stylistic  characteristics  of  Maya  architecture,  it  is  becoming 
possible  to  assign  the  more  important  buildings  to  their  proper  positions  in 
the  chronological  sequence. 

No  structures  have  yet  been  found  at  Chichen  Itza  which  may  be  referred 
with  any  degree  of  certainty  to  the  first  period  of  the  city's  occupancy,  the 
so-called  Colonization  Period  from  531  to  669  A.  D.;  indeed  but  one  datable 
object  has  been  recovered,  assignable  thereto,  namely  the  Initial  Series 
lintel,  which  had  been  re-used,  possibly  in  the  walls  of  the  Temple  of  the 
Initial  Series  1  at  old  Chichen  Itza,  a  structure  surely  dating  from  late  Toltec 
times. 

Thanks  to  these  recent  chronological  discoveries  and  to  a  utilization  of  the 
stylistic  criteria  present  in  the  buildings  themselves,  it  has  been  possible  to 
assign  a  number  of  different  structures  to  the  second,  or  Renaissance, 
Period  as  follows :  The  Temples  of  the  Lintel,  the  Two  Lintels  and  the  Four 
Lintels  at  Old  Chichen  Itza;  the  Temple  of  the  Two  Lintels  at  Yula;  the 
Temple  of  the  Lintel  at  Jalacal;  the  Akabtzib;  the  Iglesia,  the  East  Annex  of 
the  Monjas,  the  Red  House  and  the  House  of  the  Deer,  in  the  central  part 
of  the  city.  All  these  buildings  date  from  a  period  prior  to  the  Toltec 
Conquest,  when  Maya  architecture  still  retained  its  original  flavor,  unmodified 

1  Dr.  A.  M.  Tozzer  has  recently  suggested  that,  when  this  lintel  was  re-used  in  the  Temple  of 
the  Initial  Series  at  Old  Chichen  Itza,  it  was  utilized  not  as  a  lintel  but  simply  as  a  wall-stone. 
There  is  much  in  support  of  this  contention.  The  earliest  photograph  of  the  Temple  of  the 
Initial  Series  shows  this  lintel  on  the  ground  partly  in  front  of  the  front  doorway.  The 
second  drums  of  the  pair  of  Atlantean  columns,  which  are  supposed  to  have  supported  it,  were 
found  at  the  base  of  the  pyramid  and  since  this  lintel  was  not  found  in  situ  on  top  of  these  columns, 
there  is  at  least  as  much  evidence  that  it  had  formed  part  of  the  wall,  as  that  it  had  been  the  lintel 
over  the  front  doorway.  No  other  stone  slabs  were  found  which  could  have  been  the  lintels  for 
the  north  and  south  doorways,  which  would  rather  indicate  that  in  the  cases  of  the  other  two 
doorways,  at  least,  the  lintels  had  been  of  wood. 

No  arch-stones  have  ever  been  found  around  this  building,  and  it  appears  highly  probable  that 
it  had  a  flat  roof  like  those  seen  at  Tulum.  This  fact  alone  fixes  the  Temple  of  the  Initial  Series 
as  very  late,  and  it  appears  more  than  probable  that  Dr.  Tozzer  is  correct  in  suggesting 
that  this  lintel  may  never  have  stood  over  the  front  doorway  of  the  temple,  but  that  it  may  have 
formed  part  of  its  walls  instead.  However,  whether  it  served  as  a  door-lintel  or  simply  as  a  plain 
wall-stone  matters  little,  since  in  either  case  it  was  a  re-used  element  as  employed  in  the  Temple 
of  the  Initial  Series,  and  its  original  position  is  unknown. 


238  CARNEGIE    INSTITUTION    OF   WASHINGTON 

by  alien  influence;  and  before  the  influx  of  Toltecan  ideas  and  building  prac- 
tices from  the  highlands  of  central  Mexico  had  produced  the  Tolteco-Maya 
hybrid,  which  is  the  Chichen  Itza  of  the  third  and  greatest  period. 

From  this  third,  or  Toltec,  Period,  1191  to  1448  A.D.,  date  the  Caracol, 
the  Temple  of  the  Wall  Panels,  the  Temple  of  the  Xtoloc  Cenote,  the  High 
Priest's  Grave  and  adjoining  structures,  the  Castillo,  the  Ball  Court,  the 
Temple  of  the  Cones,  the  Temple  of  the  Eagles,  the  Via  Sacra,  most  if  not  all 
of  the  Group  of  the  Initial  Series,  and  the  vast  architectural  complex  called  the 
Group  of  the  Thousand  Columns,  and  all  of  its  associated  structures,  as  well 
as  many  other  smaller  groups. 

Previous  to  the  present  season  nine  Chac  Mool  statues  had  been  found  at 
Chichen  Itza,  distributed  as  follows : 

No.  1  at  the  point  where  the  Via  Sacra  leaves  the  Great  Terrace. 

No.  2  just  east  of  the  Temple  of  the  Eagles. 

No.  3  buried  in  the  substructure  of  the  Temple  of  the  Eagles  (now  in  the  National  Museum 
at  Mexico  City). 

No.  4  probably  found  in  the  same  place  as  No.  3  and  removed  thence  by  Augustus  Le 
Plongeon,  and  abandoned  by  the  roadside  just  west  of  the  southern  open  end  of  the  Ball 
Court  (now  in  the  Museum  of  Archaeology  and  History  at  Merida). 

No.  5  just  east  of  the  Temple  of  the  Cones,  probably  the  largest. 

No.  6  in  front  of  the  Temple  of  the  Warriors. 

No.  7  in  front  of  the  temple  on  the  east  side  of  the  Court  of  the  Thousand  Columns. 

No.  8  in  the  bush  about  200  yards  west  of  the  Monjas. 

No.  9  in  front  of  the  Temple  of  the  Initial  Series  at  Old  Chichen  Itza. 

In  addition  to  these,  three  others  were  found  during  the  current  season  as 
follows : 

No.  10  in  the  North  Colonnade  in  front  of  the  sculptured  and  painted  dais. 

No.  11  in  the  temple  buried  in  the  northwestern  corner  of  the  pyramid  supporting  the 

Temple  of  the  Warriors,  i.  e.  the  Temple  of  the  Chac  Mool. 
No.  12  at  the  western  side  of  the  Group  of  the  Initial  Series  at  Old  Chichen  Itzd. 

With  the  possible  exception  of  No.  3,  the  newly  discovered  No.  11  is  the 
best  preserved  of  this  type  of  statues  thus  far  recovered. 

An  increasing  efficiency  on  the  part  of  the  native  laborers  has  been  noted 
during  the  current  year.  The  Chichen  Itza  Project  has  now  completed  four 
field  seasons;  some  of  the  laborers  have  been  with  the  Project  since  its  first 
year,  and  the  great  majority  have  served  for  at  least  two  seasons.  This  is 
particularly  noticeable  among  the  masons,  who  have  grown  to  understand  the 
peculiar  demands  of  the  repair-work,  and  who,  in  some  cases,  have  developed 
a  real  appreciation  of,  and  feeling  for,  the  "old"  quality  of  the  stonework. 
Even  the  shovel,  pick  and  wheel-barrow  men  have  become  more  proficient 
in  handling  these  implements,  so  that  the  excavations  have  proceeded  not 
only  more  smoothly,  but  more  rapidly.  To  this  increased  efficiency  of  the 
native  labor  is  due  in  no  small  part  the  greater  amount  of  work  accomplished 
in  the  1927  field  season  as  compared  with  any  one  of  the  preceding  three 
seasons. 

Through  an  arrangement  reached  with  Mr.  Peygadas  during  his  visit  to 
Chichen  Itza  in  March,  it  was  decided  to  turn  over  to  the  Mexican  Govern- 
ment at  the  end  of  the  season  (May  28),  the  material  excavated  during  the 
first  year  (1924)  and  also  the  great  bulk  of  the  stones  from  the  Temple  of  the 
Warriors  showing  fragments  of  the  original  frescoes,  which  Mrs.  Morris  had 
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either  copied  or  rejected  as  too  incomplete  and  fragmentary  for  record.1 
Thirty-eight  stones  only  were  reserved  for  further  study.  In  addition  to  the 
foregoing  material,  custody  was  released  of  a  number  of  sculptures,  loose 
pieces,  statues,  Atlantean  figures,  carved  panels  and  lintels,  elements  which 
would  never  be  replaced  in  their  original  positions  in  the  facades. 

Mr.  Reygadas  has  decided  to  deposit  the  greater  part  of  the  portable 
material  resulting  from  the  Institution's  excavations  at  Chichen  Itza  in  the 
Museum  of  Archaeology  and  History  at  Merida,  an  organization  supported 
by  the  State  of  Yucatan,  the  Director  of  which  is  Mr.  Luis  Rosadas  Vega. 
Mr.  Rosadas  visited  Chichen  Itza  at  the  beginning  of  June  when  Dr.  Morley 
relinquished  custody  of  this  material  to  Mr.  Eduardo  Martinez  Canton,  the 
local  representative  of  the  Direction  of  Archaeology,  who  in  turn  gave  it  to 
Mr.  Rosadas  Vega.  A  special  exhibition  hall,  called  the  "Sala  Carnegie," 
has  been  opened  in  the  Museum  in  Merida  for  the  display  of  this  material 
and  proper  credit  given  the  Institution  for  having  been  responsible  for  its 
acquisition. 

The  principal  additions  to  the  staff-quarters  at  Chichen  Itza  during  the 
year  were  the  erection  of  a  house  for  Dr.  Morley,  on  the  hill  just  east  of  and 
adjoining  the  former  chapel  of  the  plantation,  and  the  conversion  of  the  build- 
ing formerly  used  as  a  school-house  into  a  four-car  garage. 

Larger  operations  closed  at  Chichen  Itza  on  May  28,  at  the  end  of  the  ninth 
fortnight  of  excavations.  Minor  excavation  and  repair-work  continued  at 
the  Temple  of  the  W arriors  and  the  Temple  of  the  Two  Lintels  at  old  Chichen 
Itza  for  another  month,  until  June  25,  and  repair-work  at  the  Temple  of  the 
Wall  Panels  for  still  another  month,  or  until  July  23. 

Just  after  the  close  of  larger  operations,  on  June  4  and  5,  Dr.  Morley  and 
Messrs.  Ruppert  and  Chariot  visited  the  ruins  of  Yaxuna,  15  miles  south  and 
slightly  west  of  Chichen  Itza.  This  site,  according  to  the  accounts  of  Indians  of 
the  region,  is  the  western  terminus  of  the  stone  causeway,  which  starts  at  Coba, 
75  miles  east  of  Yaxuna.  The  eastern  terminus  was  explored  last  year  for  a 
distance  of  9  miles  west  from  Coba,  but  without  reaching  its  end ;  and  during 
the  intermediate  season  (July  to  December  1926),  Juan  Olalde,  the  head- 
foreman  at  Chichen  Itza,  had  pushed  eastward  from  Yaxuna  for  a  distance 
of  15  miles,  also  without  coming  to  its  end.  Finally  since  12  sculptured 
stelae  had  been  found  at  Coba,  the  eastern  terminus  last  year,2  it  was  hoped 
that  others  might  be  found  at  the  western  terminus  this  year,  which  was  the 
immediate  object  of  this  visit. 

No  sculptured  stones  of  any  sort  were  found,  and  only  a  few  dressed  blocks. 
Only  one  building  is  standing,  and  its  masonry  is  altogether  different  from 
that  of  Chichen  Itza  and  more  like  the  remains  at  Coba — great  masses,  com- 
posed of  roughly  shaped,  undressed  stones — or  even  more  like  the  buildings  at 
Etzna  on  the  other  side  of  the  peninsula,  where  the  dressed  blocks  are  small 
in  size  and  comparatively  few  in  number.  This  is  very  different  from  condi- 
tions at  Chichen  Itza,  where  there  is  a  wealth  of  dressed  blocks — standing  in 
walls,  lying  strewn  about  through  the  bush  near  every  fallen  building,  and 

1  In  a  final  classification  of  the  stones  from  the  Temple  of  the  Warriors,  showing  fragments  of 
the  mural  frescoes,  Mrs.  Morris  listed  80  as  of  sufficient  excellence  for  use  as  museum  specimens; 
400  a3  showing  features  of  minor  importance,  and  thus  of  greater  service  to  the  specialist  than  to 
the  general  public;  and  170  as  too  fragmentary  to  be  of  further  use. 

2  See  Year  Book  No.  25,  pp.  274-277. 
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even  built  into  masonry  fills.  Yaxuna  has  a  very  large  Acropolis  surmounted 
by  two  lofty  pyramid-temples,  standing  side  by  side,  both  facing  north.  It  is 
obviously  of  much  earlier  date  than  Chichen  Itza. 

Its  proximity  to  Chichen  Itza  on  the  other  hand,  being  only  12  or  14  miles 
distant  in  an  air-line,  as  well  as  the  fact  that  it  stands  at  the  western  end  of 
the  great  Coba- Yaxuna  highway,  strongly  suggests  that  it  was  an  important 
center,  and  possibly  may  have  been  the  one  from  which  Chichen  Itza  was 
first  colonized.1 

Report  of  Earl  H.  Morris  on  the  Temple  of  the  Warriors  and  the  Northwest 
Colonnade  (Stations  4  and  10) 

Excavation  and  repair  work  at  the  Temple  of  the  Warriors  and  adjacent 
structures  was  carried  on  throughout  the  1927  field  season,  and  was  practically 
completed  by  the  end  thereof.  The  Temple  of  the  Warriors  comprises  three 
distinct  elements,  these  being  in  order  of  relative  importance: 

1.  The  Temple  of  the  Warriors  itself,  together  with  its  pyramidal  sub- 

structure. 

2.  The  preexistent  Temple  of  the  Chac  Mool  encased  within  this  pyramid. 

3.  The  Northwest  Colonnade. 

In  the  following  discussion,  this  logical  order  of  presentation  will  not  be 
followed,  but  instead  that  indicated  by  the  volume  of  work  and  the  intricacy 
of  the  problems  involved  in  the  treatment  of  each  of  these  several  units. 

The  general  features  of  the  Northwest  Colonnade  were  given  in  the  Year 
Book  for  1926  (pp.  284,  285).  During  the  current  season  the  excavation  of 
this  structure  and  the  repair  work  were  completed.  The  latter  involved  the 
setting  up  of  practically  all  of  the  columns  in  the  north  half  of  the  colonnade. 
In  the  failure  and  collapse  of  this  portion  of  the  structure,  the  thrust  was 
forward,  and  each  column  served  like  the  half  of  a  hinge,  the  base  being  the 
bolt  upon  which  it  turned.  With  synchronized  movement  the  columns 
swung  westward  until  with  the  final  crash  they  lay  fully  extended  upon  the 
floor,  or  partially  blocked  up  by  heaps  of  masonry  that  came  down  before  the 
fall  of  the  main  mass  of  the  roof.  With  the  exception  of  a  few  terminal  blocks, 
these  columns  were  replaceable  in  their  entirety.  The  repair  of  the  north 
anta,  the  north  wall  of  the  building,  and  the  rear  or  east  wall  north  of  the 
Temple  of  the  Warriors  stairway,  although  involving  the  replacement  of  a 
great  deal  of  masonry,  entailed  no  difficult  or  complicated  problems. 

A  series  of  pits  and  trenches  sunk  into  the  terrace  supporting  the  Northwest 
Colonnade  revealed  three  earlier  floor  levels.  At  a  depth  of  4  to  5  feet,  closely 
overlying  the  original  ground  level,  was  a  red-tinted  polished  lime  floor  which 
had  been  long  exposed  to  the  elements.  Presumably  this  represented  an 
early  terrace  level,  possibly  a  portion  of  the  major  terrace  upon  which  the 
Castillo,  the  Ball  Court  and  the  Group  of  the  Thousand  Columns  stand . 
Overlying  this  level  there  is  a  2.5  to  3  foot  layer  of  fill  consisting  of  large 
rough  stones,  dry  laid,  the  interstices  being  cavities  instead  of  being  chinked 
with  either  earth  or  mortar.  Above  this  open  fill  is  a  second  red  plastered 
lime  floor  which,  when  traced  southward,  proved  to  be  a  northward  extension 
of  the  floor  of  the  West  Colonnade  of  the  Group  of  the  Thousand  Columns. 

1  Dr.  Morley  has  discussed  this  question  of  the  colonization  of  Yucatan  and  the  first  settlement 
of  Chichen  Itza  by  groups  proceeding  from  the  Old  Empire  region  northward  along  the  east  coast 
of  the  peninsula  by  way  of  Chetumal  Bay,  Tulum  and  Coba,  in  a  recent  article,  New  Light  on 
the  Discovery  of  Yucatan,  and  the  Foundation  of  the  New  Maya  Empire,  American  Journal  of 
Archaeology,  Second  Series,  vol.  xxxi  (1927),  No.  1,  pp.  51-69;  and  it  is  not  improbable  that 
Yaxuna  may  be  the  last  link  in  the  chain  connecting  Chichen  Itza  with  the  Old  Empire  habitat. 
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This  latter  structure  at  one  time  continued  the  full  length  of  the  area  now 
occupied  by  the  Northwest  Colonnade  and  then  swung  westward,  its  low 
frontal  terrace  making  a  right-angled  turn  in  that  direction  a  short  distance 
south  of  the  north  anta  of  the  later  colonnade.  At  the  southern  end  of  the 
West  Colonnade,  there  exists  a  westward  pointing  wing  with  a  small  pyramid 
at  its  end.  This,  together  with  the  above-mentioned  vestige  of  a  possibly 
similar  structure  at  the  opposite  original  extremity  of  the  West  Colonnade, 
would  seem  to  confirm  the  conclusion — indicated  by  the  fact  that  the  West 
Colonnade  faces  the  Castillo — namely  that  the  West  Colonnade  was  planned 
and  built  with  definite  reference  to  the  Castillo,  some  time  before  the  plan  of 
the  Court  of  the  Columns  had  been  called  into  being. 

Sunk  into  this  second  floor  level  directly  beneath  the  southern  member  of 
the  pair  of  columns  in  the  Northwest  Colonnade,  which  stand  at  the  immediate 
foot  of  the  stairway  leading  to  the  Temple  of  the  Warriors,  is  a  masonry  lined 
pit,  4  feet  8  inches  square  and  2  feet  deep.  The  walls  and  floor  showed  the 
effects  of  long  burning,  and  in  the  bottom  was  a  layer  of  from  2  to  8  inches  of 
fine  white  ash,  evidently  derived  from  thoroughly  calcined  bone.  Apparently 
this  pit  is  the  homologue  of  the  carnero  of  present  day  Yucatecan  cemeteries 
in  which  disinterred  bones  are  burned. 

Under  the  south  end  of  the  Northwest  Colonnade,  above  this  second  floor 
level,  there  was  an  uninterrupted  fill  containing  some  re-used  round  column 
drums  and  many  wall  and  roof  stones  from  dismantled  structures.  However, 
beginning  at  the  north  line  of  the  sculptured  dais  just  south  of  the  Temple  of 
the  Warriors  stairway  and  continuing  westward  to  the  frontal  row  of  columns 
of  the  Northwest  Colonnade,  thence  turning  north  and  extending  an  indeter- 
minable distance  beyond  the  north  end  of  the  Northwest  Colonnade,  is  the 
terrace  which  once  supported  a  building  intermediate  in  age  between  the 
West  and  Northwest  Colonnades.  The  floor  levels  of  these  two  are  only  4 
to  8  inches  apart.  Three  masonry  steps  led  to  this  terrace  across  its  southern 
end,  and  a  similar  stairway  gave  access  to  this  level  across  a  considerable 
portion  of  the  front  or  western  exposure;  ramps  bordered  the  ends  of  this 
stairway,  beyond  which,  both  north  and  south,  the  face  of  the  terrace  con- 
tinued as  a  slightly  battered  red  plastered  wall. 

The  front  of  the  terrace  of  the  Northwest  Colonnade  was  subjected  to  at 
least  one  modification.  Its  original  boundary  was  a  slightly  battered  wall 
8  feet  forward,  i.  e.,  westward  of  the  building.  The  three-step  stairway 
pertaining  to  this  facing  is  very  narrow,  having  only  the  width  of  the  inter- 
columnar  space  lying  directly  in  front  of  the  center  of  the  stairway  leading 
to  the  Temple  of  the  Warriors. 

Later  this  terrace  was  widened  4  feet  and  faced  with  a  three-step  stairway 
extending  the  full  length  of  the  colonnade — the  one  partially  visible  before 
excavations  were  begun. 

In  the  repair  work  undertaken  after  the  excavation  of  the  Northwest 
Colonnade,  masonry-lined  trenches  were  provided  to  leave  permanently 
visible  all  of  the  salient  subfloor  features  above  described. 

The  Temple  of  the  Warriors  demanded  no  further  excavation,  but  con- 
siderable repair  work  was  necessary  before  the  building  could  be  considered 
completed.  This  consisted  of  re-erecting  the  rear  wall  up  to  and  including 
the  lower  cornice;  realigning  the  slab  flooring  of  the  altar;  replacing  the  ele- 
ments of  the  three  mask  panels  at  the  northeast  corner;  adding  an  upper 
mask  panel  to  the  tiers  situated  respectively  at  the  other  three  corners,  at 
the  centers  of  the  north  and  south  facades,  and  at  either  side  of  the  portal; 
and  lastly,  the  replacement  of  the  nether  member  of  the  medial  cornice  across 
the  entire  front  except  for  the  space  above  the  doorway.     As  in  previous  years 
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the  replacement  of  all  sculptured  stones  was  under  the  supervision  of  Karl 
Ruppert. 

The  north  balustrade  of  the  Temple  of  the  Warriors  stairway  was  raised 
to  duplicate  the  southern  one,  described  in  the  1926  report.  Also  the  facing 
of  the  northwest  corner  of  the  pyramid  was  carried  up  after  the  general  plan 
followed  last  year  in  connection  with  the  southwest  corner.  This  portion 
offered  greater  complications,  however,  than  those  formerly  dealt  with, 
because  of  the  Temple  of  the  Chac  Mool  included  within  this  angle.  In  order 
to  leave  this  earlier  building  accessible,  it  was  necessary  to  raise  a  vertical 
wall  as  the  inner  face  of  the  pyramid  shell,  instead  of  building  the  successive 
elements  against  the  hearting  of  the  mound.  The  veneer  of  the  pyramid  on 
the  three  sides  on  which  it  was  proposed  to  restore  it,  namely  the  south,  west 
and  north,  is  completed  to  the  limit  that  positive  knowledge  and  existing 
conditions  permit.  The  only  gap  left  is  at  the  center  of  the  north  side  where 
a  vertical  section  of  the  rind  of  the  pyramid  is  absent.  The  upper  part  of 
this  was  not  replaced,  and  the  lower  part  was  torn  away  to  expose  a  complete 
cross-section  of  the  substructure  of  the  Temple  of  the  Chac  Mool,  which  will 
be  described  below. 

As  stated  in  the  1926  report,  definite  knowledge  as  to  the  finish  of  the  two 
uppermost  members  of  the  fourth  multiple  zone  of  the  pyramid  could  not  be 
obtained,  hence  no  restoration  was  attempted.  In  order  to  protect  the  margin 
of  the  terrace  from  erosion,  however,  a  backing  of  rough  masonry  was  raised 
to  the  height  of  the  missing  members,  but  set  back  from  the  line  thereof  the 
thickness  of  the  course  of  smooth  stone  with  which  inevitably  it  must  have 
been  faced.  The  only  departure  from  this  treatment  was  at  the  western  end 
of  the  north  face,  where  windows  were  left  in  this  band  to  admit  light  to  the 
enclosed  Temple  of  the  Chac  Mool. 

Many  of  the  essential  features  of  the  Temple  of  the  Chac  Mool  were  given 
in  the  report  for  1926.1  The  work  of  the  present  season  reveals  this  temple  to 
be  an  example  of  one  of  the  two  predominant  types  of  column-supported 
structures  found  at  Chichen  Itza.  Other  examples  of  this  same  type,  which 
may  be  called  Type  1,  are  the  Temple  of  the  Warriors,  the  Temple  of  the 
Tables  and  the  principal  temple  on  the  east  side  of  the  Court  of  the  Columns. 
The  salient  characteristics  of  Type  2  are  exemplified  by  the  Northeast,  the 
Northwest,  the  North  and  West  Colonnades  of  the  Group  of  the  Thousand 
Columns.  The  Atlantean  figure  altar  is  an  accompaniment  of  the  first  type 
and  the  solidly  filled,  battered  walled  altar  of  the  second. 

The  Temple  of  the  Chac  Mool  was  a  two-chambered  building,  facing  west 
56  feet  10  inches  in  length  from  north  to  south  and  47  feet  2  inches  in  width. 
Like  the  Temple  of  the  Warriors  it  possessed  a  tri-partite  portal,  the  divisions 
thereof  being  serpent  columns,  round,  however,  instead  of  rectangular  in 
cross-section.  The  frontal  hall,  50  feet  4  inches  long  and  18  feet  7  inches 
wide,  had  along  its  longitudinal  axis  a  row  of  four  sculptured  columns. 
Directly  back  of  the  central  doorway  of  the  main  portal,  there  was  a  doorway 
6  feet  7.5  inches  wide  and  8  feet  8  inches  high,  with  sculptured  jambs  and 
pilasters,  piercing  the  partition  wall  and  giving  access  to  the  inner  sanctuary. 
This  eastern  or  rear  chamber  was  of  practically  the  same  size  and  general 
character  as  the  western  hall,  except  that  it  formerly  had  had  an  altar  at  the 
center  of  the  back  wall,  and  a  bench  along  the  north  and  south  walls  and  the 
adjoining  parts  of  the  east  wall,  all  of  which  had  been  removed  when  this 
temple  was  filled  in. 

1  In  the  Year  Book  report  for  1926  this  earlier  construction  was  called  simply  the  "Buried 
Temple." 
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The  exact  dimensions  of  the  substructure  of  the  Temple  of  the  Chac  Mool 
are  not  ascertainable.  However,  a  cross-section  of  its  rear  face  was  obtained. 
This  exposure  consists  of  four  elements,  no  two  of  them  being  of  the  same 
height,  nor  even  possessing  common  features.  Thus  the  basal  element  is 
entirely  plain;  the  second  has  a  recessed  panel  at  the  bottom  and  a  single 
vertical  cornice  near  the  top;  the  third  a  recessed  upper  panel  and  a  two- 
member  cornice;  and  the  fourth,  no  recessed  panel,  but  a  two-member  cornice. 
The  substructure  rises  from  the  same  level  as  the  pyramid  supporting  the 
Temple  of  the  Warriors  and  has  a  height  of  20  feet  8  inches.  The  rear  wall  of 
the  temple  sets  back  only  3  feet  10  inches  from  the  margin  of  the  substructures. 

In  clearing  away  for  the  erection  of  the  Temple  of  the  Warriors  pyramid, 
approximately  the  northern  third  of  the  Temple  of  the  Chac  Mool  and  its 
substructure  were  entirely  demolished,  as  well  as  the  entire  fronts  of  each. 
Thus  the  arrangement  of  the  approach  to  the  building  has  been  entirely  lost. 
There  is  a  possibility  that  the  terrace  described  as  found  beneath  the  floor 
of  the  Northwest  Colonnade  and  above  the  floor  of  the  West  Colonnade  had 
to  do  with  the  approach  to  the  Temple  of  the  Chac  Mool,  but  thus  far  no 
conclusive  proof  has  been  obtained,  either  for  or  against  such  a  hypothesis. 

Evidently  the  pyramid  supporting  the  Temple  of  the  Warriors  was  not 
originally  planned  to  extend  to  the  height  to  which  it  was  finally  carried. 
This  may  be  inferred  from  the  fact  that  the  portion  of  the  Temple  of  the  Chac 
Mool  lying  within  the  boundaries  of  the  pyramid  was  demolished  to  a  fairly 
uniform  level  from  7  to  8  feet  above  the  floor,  walls  and  columns  alike.  Then 
the  larger  pyramid  was  built  to  this  height,  leveled  off  and  coated  with  mortar, 
which  was  troweled  to  the  semblance  of  a  floor.  Still  later  another  9  feet  of 
masonry  was  added  to  its  height.  Surely  had  this  been  the  altitude  originally 
contemplated  by  the  builders  they  would  not  have  wasted  the  considerable 
amount  of  labor  necessary  to  dismantle  the  walls  of  the  lower  temple  and  to 
raise  new  masonry  of  equivalent  bulk  to  take  their  place.  This  point  may 
possibly  explain  why  the  fourth  zone  of  the  Temple  of  the  Warriors  pyramid 
was  not  embellished  with  a  terminal  sculptured  band  like  those  possessed  by 
the  lower  three.  Since  9  feet  is  practically  the  height  of  each  one  of  these 
four  multiple  zones,  and  since  9  feet  is  also  the  height  of  the  apparently  added 
increment  of  the  pyramid,  it  is  not  unreasonable  to  suppose  that  sculptured 
elements  were  carved  for  the  originally  contemplated  three  bands,  but 
not  for  the  fourth.  Then  later,  when  it  was  decided  to  add  the  fourth,  it 
had  to  be  finished  with  plain  faced  blocks,  which,  in  the  opinion  of  the  writer, 
were  painted  with  a  duplication  of  the  devices  borne  in  relief  by  the  lower 
zones. 

Little  can  be  said  concerning  the  exterior  finish  of  the  Temple  of  the  Chac 
Mool.  The  base  of  the  wall  has  the  characteristic  Toltec  batter,  surmounted 
by  the  customary  single  member  cornice.  The  stub  of  the  vertical  face 
extending  thence  upward,  wherever  examined,  gave  no  evidence  of  sculpture. 
However,  had  there  been  sculpture,  there  is  more  than  equal  likelihood  that 
it  would  have  occurred  between  the  medial  and  upper  cornices.  In  the  last 
yard  of  fill  overlying  the  buried  temple  were  found  numerous  elements  of  a 
magnificently  carved  panel  representing  a  tree  in  full  flower  with  brilliantly 
colored  birds  and  insects  hovering  over  the  blossoms.  This  panel  may  have 
belonged  to  the  buried  temple,  but  perhaps  with  equal  reason  may  be  con- 
sidered as  having  come  from  some  other  demolished  building. 

The  outer  chamber  lay  beneath  the  terrace  in  front  of  the  Temple  of  the 
Warriors,  hence  its  excavation  offered  no  particular  difficulties.  First  the 
pyramid  hearting  was  removed  down  to  the  previously  mentioned  surfaced 
level  to  which  the  lower  temple  was  dismantled.     As  soon  as  the  truncated 
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south  and  west  walls  were  laid  bare,  new  masonry  was  raised  on  top  of  them 
to  the  height  of  the  terrace  in  front  of  the  Temple  of  the  Warriors.  Then  the 
remaining  fill  was  removed,  the  stone  therefrom  being  used  in  the  building  of 
the  shell  of  the  northwest  corner  of  the  pyramid.  In  this  fill  were  found  seven 
column  blocks  inferred  to  have  come  from  the  tops  of  the  three  remaining 
columns  in  this  outer  chamber.  There  were  also  encountered  several  sculp- 
tured jamb-stones  and  numerous  fragments  of  the  broken  jaws  of  the  two 
huge  serpent's  heads  found  in  the  front  of  this  chamber  in  1926.  The  most 
impressive  find  of  the  season,  however,  was  a  magnificent  Chac  Mool  figure 
(the  eleventh  of  this  type  so  far  found  at  Chichen  Itza)  which  reclined  on  its 
side  upon  the  floor  near  the  southeast  corner  of  the  room.  This  masterpiece 
of  Maya  sculpture  had  been  dragged  in  ancient  times  from  the  terrace  in 
front  of  the  temple,  where  previously  it  occupied  a  position  similar  to  the  one 
in  front  of  the  Temple  of  the  Warriors.  The  figure  is  carved  from  a  single 
block  of  limestone,  of  almost  flinty  hardness  and  exemplifies  the  handiwork 
of  a  master  craftsman.  The  proportions  lack  the  grotesqueness  exhibited 
by  most  Chac  Mool  figures  and  follow  very  closely  those  of  a  normal  human 
body.  An  inverted  human  head  with  flowing  hair  is  pendant  from  either 
side  of  the  waist.  The  head  of  the  Chac  Mool  itself  bears  a  broad  helmet 
crested  with  a  crouching  animal  figure,  a  composite  feline  and  reptilian 
conception,  exquisitely  wrought. 

The  columns  and  walls  of  the  outer  hall  fully  rewarded  the  expectations 
which  had  been  aroused  by  those  portions  of  them  temporarily  uncovered  in 
1926.  Two  of  the  columns  (10  feet  3  inches  in  height)  retained  their  colora- 
tion to  a  degree  not  previously  observed,  and  gave  in  minute  detail  the  vesti- 
ture  of  the  figures  depicted  thereon.  The  wall  paintings  were  found  to  be  in 
good  condition  and  represent  the  curves  of  the  body  of  a  great  reptilian  mon- 
ster, done  in  brilliant  colors. 

Excavation  of  the  inner  sanctuary  involved  more  than  ordinary  difficulties. 
The  entire  north  anta  and  the  western  10  feet  of  the  north  wall  of  the  Temple 
of  the  Warriors  had  as  their  foundations  the  loosely  laid  rubble  with  which 
the  sanctuary  had  been  filled.  Inasmuch  as  these  massive  walls,  some  125 
tons  in  weight,  had  been  more  or  less  riven  by  settling,  the  first  step  taken 
was  to  place  a  concrete  foundation  beneath  them.  This  was  done  in  sections. 
A  transverse  slot  was  dug  beneath  the  wall  and  filled  with  concrete,  pierced 
at  proper  intervals  for  the  reception  of  longitudinal  steel  I-beams.  Then  a 
second  slot  was  made  and  similarly  filled  some  3  feet  further  on,  so  that  a 
block  of  the  original  foundation  remained  between  the  two.  When  this  plan 
had  been  followed  out  along  the  entire  length  of  the  mass  to  be  undermined, 
the  rubble  between  the  blocks  was  removed  and  six  6-inch  I-beams  meshing 
at  the  corner  were  inserted  in  the  slots,  three  beneath  the  north  and  three 
beneath  the  west  wall.  By  casting  in  the  spaces  between  the  first  series  of 
blocks,  a  solid  base  nearly  as  strong  as  if  poured  in  a  single  operation  was 
provided. 

Subsequently  a  trench  was  dug  to  lay  bare  the  tops  of  the  south  and  east 
walls  of  the  earlier  temple.  These  walls  were  carried  up  by  new  masonry 
built  on  top  of  them  to  the  necessary  height,  each  including  a  massive  pier 
of  concrete,  well  bonded  into  the  adjacent  masonry,  beneath  the  respective 
points  where  the  boundaries  of  the  later  temple  crossed  those  of  the  earlier 
one.  Thus  two  dependable  supports  were  provided.  Next  a  narrow  cut 
was  made  from  the  north  slope  of  the  pyramid  to  lay  bare  the  top  of  the 
ancient  column  situated  beneath  the  corner  of  the  Temple  of  the  Warriors. 
It  was  expected  that  the  blocks  to  complete  this  column  to  its  original  height 
would  be  found  in  the  fill.     Hence  the  concrete  pillar  cast  on  top  of  it  was 
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made  2  inches  smaller  on  each  side  so  that  slabs  bearing  the  relief  might  be 
taken  from  blocks,  if  such  were  found,  and  applied  like  the  sides  of  a  box 
around  the  cement  core. 

When  this  corner  anchorage  had  thoroughly  set,  a  pit  was  sunk  and  a 
column  cast  halfway  between  the  east  wall  of  the  room  and  the  original 
one  above  mentioned,  then  another  between  the  southernmost  original  pillar 
and  the  south  wall.  Thus  the  free  portion  of  the  Temple  of  the  Warriors 
wall  was  brought  to  rest  on  three  concrete  piers.  After  the  fill  of  the  chamber 
had  been  removed,  a  fourth  support  was  cast  on  top  of  the  completed  south 
column.  This  work  was  carried  to  completion  with  a  settling  of  about 
|  inch  in  the  walls  of  the  Temple  of  the  Warriors,  which  took  place  when 
the  excavation  for  the  first  elements  of  the  horizontal  I-beam  was  made. 

A  reinforced  concrete  roof  was  then  cast  above  the  Temple  of  the  Chac 
Mool  and  covered  with  earth  so  that  no  trace  of  the  roof  or  of  the  chambers 
beneath  it  appears  either  from  within  the  Temple  of  the  Warriors  or  from 
the  terrace  in  front  of  it.  A  door  to  the  concealed  building  was  provided 
behind  the  shell  of  the  pyramid  supporting  the  Temple  of  the  Warriors  at 
the  northeast  corner  of  the  inner  sanctuary,  and  as  previously  stated  windows 
for  light  and  ventilation  were  left  in  the  terminal  member  of  the  west  end 
of  the  shell  of  the  pyramid. 

The  six  columns,  to  judge  from  the  sculpture  upon  them,  each  lacked  three 
blocks  to  raise  them  to  their  original  height.  Thus  18  blocks  in  all  were 
needed.  Seven  were  found  in  the  front  hall  and  eleven  in  the  inner  sanctuary. 
The  selection  of  blocks  for  the  respective  columns  was  easily  accomplished 
and  five  of  them  were  completed  with  no  difficulty.  To  finish  the  sixth,  upon 
which  a  concrete  pier  had  already  been  cast,  it  was  necessary  to  saw  slabs 
from  all  four  sides  of  each  of  the  three  blocks.  Although  the  limestone  was 
very  hard  and  full  of  flint  nodules,  this  cutting  was  done  and  the  slabs 
cemented  to  their  concrete  core  without  marring  the  appearance  of  the  column 
when  finished. 

Measurements  of  the  sculptured  jamb  stones  and  pilasters,  for  the  most 
part  found  in  1926,  proved  these  elements  to  have  belonged  to  the  doorway 
connecting  the  two  chambers,  hence  these  could  be  restored  to  their  original 
positions.  The  principal  figure  on  the  south  pilaster  of  this  doorway  was 
reproduced  in  colors  in  the  Year  Book  for  1926  (see  Plate  2). 

The  southern  two  columns  in  the  inner  sanctuary  are  the  best  preserved 
thus  far  found  at  Chichen  Itza.  The  colors,  brilliant  almost  beyond  belief, 
give  in  intricate  detail  the  form  and  ornamentation  of  the  dress  and  accoutre- 
ments of  the  figures  depicted. 

The  wall  paintings,  except  on  the  south  wall,  were  not  as  well  preserved  as 
had  been  expected.  However,  they  could  be  copied  readily  enough  and  were 
found  to  be  the  same  as  those  upon  the  walls  of  the  outer  chamber,  i.  e.  the 
body  whorls  of  sun  serpents,  each  represented  with  a  formidable  head  and  legs 
armed  with  claws. 

Unfortunately  the  altar  had  been  entirely  removed,  its  position  being  in- 
dicated by  vestiges  of  a  panel  with  a  blue  ground  as  opposed  to  the  red  back- 
ground of  the  rest  of  the  temple,  situated  at  the  eastern  terminus  of  the 
transverse  axis  of  the  building.  No  elements  of  this  altar  were  found  in  the 
fill.  It  is  probable,  however,  that  the  Atlantean  figures  and  slabs  were 
saved  and  incorporated  in  the  altar  of  the  Temple  of  the  Warriors,  some  por- 
tions of  which  are  obviously  reused  in  their  present  positions. 

The  bench  was  also  torn  out,  but  before  the  temple  ceased  to  be  used,  as 
proved  by  the  fact  that  the  red  floor  was  extended  to  the  walls  and  plainly 
patched  where  the  bench  had  been. 
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The  age  sequence  in  the  Temple  of  the  Warriors  complex  as  now  postulated 
is:  first,  a  terrace  in  existence  before  any  of  the  buildings  were  erected;  second, 
the  West  Colonnade  of  the  Court  of  the  Thousand  Columns ;  third,  the  struc- 
ture, the  floor  of  which  lies  between  the  floors  of  the  West  and  Northwest 
Colonnades;  fourth,  the  Temple  of  the  Chac  Mool;  fifth,  the  Temple  of  the 
Warriors;  and  sixth,  the  Northwest  Colonnade.  However,  there  still  exists 
some  uncertainty  as  to  the  time  relation  of  the  last  two,  both  of  which  may 
have  been  planned  and  built  contemporaneously. 

Report  of  Jean  Chariot  on  the  Sculptures  and  Paintings  in  the  North  and 
Northwest  Colonnades  (Stations  8  and  10) 

The  sculptures  and  paintings  copied  by  Jean  Chariot  with  the  assistance 
of  Lowell  Houser  during  the  present  season  were  as  follows: 

1.  Drawings  and  color  notes  of  the  columns  of  the  Northwest  Colonnade. 

2.  Drawings  and  color  notes  of  the  columns  of  the  Temple  of  the  Chac  Mool. 

3.  Paintings  of  the  wall  frescoes  in  the  same  temple. 

4.  Painting  of  the  sculptured  and  painted  dais  in  the  North  Colonnade. 

5.  Painting  of  the  painted  capstone  found  at  the  junction  of  the  North  and 
Northwest  Colonnades. 

The  Northwest  Colonnade  has  59  sculptured  square  columns  and  two 
sculptured  jambs.  Of  this  number  five  of  the  columns  have  more  than  half 
of  their  sculptured  elements  missing,  and  one  of  the  two  sculptured  jambs  is 
entirely  gone.  The  remaining  54  columns  and  the  single  sculptured  jamb 
present  221  carved  faces,  each  face  divided  into  three  sections:  a  standing 
human  figure  and  two  decorative  panels,  one  above,  the  other  below.  All 
these  figures  were  copied  in  black  and  white,  and  color  sketches  were  made 
where  it  was  possible  to  trace  coloring  in  the  original. 

The  technique  used  in  cutting  and  joining  the  stones  of  which  the  columns 
are  composed,  the  process  of  carving  and  stuccoing,  as  well  as  the  composition 
and  use  of  color  are  the  same  as  explained  in  Year  Book  No.  25  (pp.  262,  263), 
in  connection  with  the  description  of  the  columns  in  the  Temple  of  the  War- 
riors and  need  not  be  repeated  here. 

Although  the  arrangement  of  the  subject  matter  on  the  plinth  is  also 
the  same  as  on  the  columns  in  the  Temple  of  the  Warriors,  namely  an  upper 
and  lower  square  panel  enclosing  a  theogonic  representation,  and  a  middle 
rectangular  panel  containing  a  single  standing  human  figure,  many  differences 
are  to  be  detected  both  in  detail  and  in  stylistic  treatment.  For  example 
the  peculiar  old  Maya  convention  of  a  human  figure  seen  in  full  front  por- 
trayed with  its  feet  in  profile  pointing  outward  is  to  be  found  here,  whereas 
it  is  wanting  entirely  in  the  Temple  of  the  Warriors  where  legs  and  feet  are 
invariably  seen  in  profile,  the  torso  presenting  a  slight  three-quarter  fore- 
shortening. 

The  type  of  figure  described  last  year — a  warrior  in  elaborate  array  holding 
offensive  and  defensive  weapons — is  also  found  in  the  Northwest  Colonnade, 
but  in  addition  there  is  a  new  type  of  human  figure,  the  columns  of  the  central 
rows  being  carved  with  representations  of  unarmed  men  whose  hands  are 
tightly  tied  by  ropes  encircling  their  wrists.  Since  their  costumes  and  orna- 
ments are  as  elaborate  and  sophisticated  as  those  of  the  other  figures  they 
probably  represent  prisoners  of  high  rank — chiefs  and  noted  warriors — while 
the  figures  of  the  first  type  on  the  adjacent  columns  would  appear  to  be  their 
conquerors. 
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The  details  of  dress  and  ornamentation  are  most  abundant  and  diversified. 
The  head-dresses  are  heavily  embellished  with  feathers  or  flowers,  and  some 
are  shaped  to  represent  the  features  of  a  god.  Others  are  like  the  helmets  of 
the  Aztec  Eagle-knights  with  animal  heads  (serpents,  tigers,  quetzals)  the 
face  of  the  warrior  appearing  through  the  widely  opened  jaws.  Faces  them- 
selves are  often  concealed  by  masks  resembling  the  death's  head  or  the  God, 
Tlaloc,  or  are  partly  hidden  behind  heavy  ornaments.  Breast-plates  are  in 
some  cases  in  the  shape  of  animals  (serpents  and  tigers)  or  human  faces. 
Costume  accessories  such  as  staffs,  baskets,  shields,  arrows  and  atlatls  are  also 
fully  represented. 

Faces  present  an  endless  variety  of  expressions  and  types,  from  very  youth- 
ful long  robed  priests  with  feminine  features  and  mild  postures,  to  aged  sor- 
cerers of  threatening  mien  who  hold  large  thick  serpents  in  their  hands. 

In  places  where  the  coloring  still  retains  its  original  brilliancy,  delicately 
painted  patterns  still  show  on  the  shirt,  sleeves  and  sandals,  as  well  as  war- 
paintings  all  over  the  body,  the  latter  usually  consisting  of  stripes  of  contrasted 
tones. 

Even  in  its  present  incomplete  condition,  and  especially  if  taken  into  con- 
sideration with  the  frescoes  of  the  Temple  of  the  Warriors,  the  figures  of  this 
colonnade  present  a  fairly  adequate  picture  of  the  characteristics  of  the 
inhabitants  of  Chichen  Itza  during  the  Toltec  Period,  and  more  particularly 
of  their  military  and  religious  clothing  and  accessories.  A  comparison 
between  the  fashions  in  vogue  at  the  time  when  the  sculptures  in  the  Temple 
of  the  Warriors  were  executed,  and  fashions  as  depicted  on  other  earlier 
structures — as  for  example  in  the  sculptures  of  the  undoubtedly  earlier  Temple 
of  the  Chac  Mool,  buried  in  the  pyramid  supporting  the  Temple  of  the  War- 
riors, and  also  the  sculptures  and  frescoes  of  the  Temple  of  the  Jaguars — 
shows  clearly  a  development  of  taste  in  dressing,  which  eventually,  with  the 
aid  of  other  stylistic  criteria,  will  prove  of  invaluable  aid  in  assigning  approxi- 
mate dates  to  otherwise  undatable  buildings  and  sculptures. 

An  example  of  this  approximate  dating  by  means  of  stylistic  criteria  is 
afforded  by  the  presence  of  a  turban-like  knee-ornament  found  both  in  the 
Temple  of  the  Jaguars  and  in  the  Temple  of  the  Chac  Mool,  but  entirely 
wanting  in  the  Temple  of  the  Warriors.  This  article  of  apparel  must  have 
been  discarded  after  the  erection  of  the  Temples  of  the  Jaguars  and  the  Chac 
Mool,  but  before  the  erection  of  the  Temple  of  the  Warriors. 

Another  feature  peculiar  to  the  Northwest  Colonnade  is  the  use  of  hiero- 
glyphs standing  above  about  one-fourth  of  the  figures  represented.  This 
perhaps  offers  a  clue  to  the  names  of  the  individuals  portrayed  and  strongly 
suggests  that  at  least  the  most  characteristic  of  the  sculptures  are  actual 
portraits.  Among  these  hieroglyphs  occur  a  snake,  the  rattle  of  the  rattle- 
snake, an  owl,  a  human  bearded  head,  a  flying  bird,  a  human  hand  grinding 
on  a  metate  and  a  seated  female  figure. 

Three  different  styles  of  carving  can  be  distinguished  in  the  Northwest 
Colonnade.  The  carvings  in  the  northern  third  of  the  colonnade  are  the  most 
poorly  executed.  In  some  cases  the  lines  are  merely  scratched,  more  as  if 
they  had  been  made  with  a  sharp  stone  than  carved  with  a  properly  shaped 
tool.  This  is  particularly  true  of  the  back  rows  and  of  the  eastern  (back) 
faces  of  the  columns,  which  the  sun  never  reached.  The  sculptors  counted 
mainly  upon  contrasted  colors  to  give  the  effect  of  high  relief  in  the  general 
obscurity  of  the  northern  end  of  the  colonnade.  Mediocre  as  is  this  work, 
however,  it  is  in  accord  nevertheless  with  the  quality  of  the  dais  toward  the 
northern  end  of  the  colonnade,  which  is  vastly  inferior  to  the  beautifully 


248  CARNEGIE    INSTITUTION    OF   WASHINGTON 

sculptured  and  painted  dais  toward  the  southern  end,  where  the  more  im- 
portant rites  and  ceremonies  would  appear  to  have  taken  place. 

The  warriors  in  this  northern  third  are  depicted  in  different  postures,  but 
details  of  dress  and  weapons  are  repeated  throughout  with  little  attempt  at 
diversification. 

The  middle  part  of  the  Northwest  Colonnade,  where  the  prisoners  are 
represented,  is  very  rich  in  detail  and  shows  on  the  part  of  the  artist  a  sincerity 
in  representing  accessories  and  an  effort  at  diversification  which  makes  it 
difficult  to  believe  that  he  was  working  purely  imaginatively.  Indeed  it 
would  seem,  that  if  he  did  not  have  the  model  actually  under  his  eye  while 
carving,  he,  at  least,  used  preliminary  sketches  made  from  nature.  The 
drawing  is  more  naive  than  skilful,  and  is  anatomically  faulty,  though  it 
expresses  character  with  acute  penetration. 

The  columns  of  the  southern  third  of  the  colonnade,  though  less  crowded 
with  detail  than  those  in  the  other  two-thirds,  are  more  remarkable,  not  only 
for  the  quality  of  the  sculpture  but  also  for  the  rendering  of  the  subject. 
The  working  of  the  stone  is  careful,  and  in  the  best-preserved  parts  is  carried 
to  the  point  of  very  smooth  polishing.  There  is  less  close  observation 
of  nature  than  is  shown  in  the  other  parts  of  the  colonnade,  but  the  freer 
handling  of  natural  elements  leads  to  a  greater  dignity  in  style. 

The  ornamental  scrolls  which  are  used  so  profusely  elsewhere  to  conceal 
certain  defects  of  composition  are  employed  here  with  more  discretion. 
Columns  58  and  59,  for  instance,  are  beautiful  examples  of  late  Maya  art  at 
Chichen  Itza  and,  as  attempts  at  strongly  realistic  characterization,  they 
are  as  successful  as  are  the  best  of  the  Old  Empire  sculptures  in  expressing  a 
more  general  religious  feeling. 

The  group  of  six  columns  from  the  Temple  of  the  Chac  Mool  present  24 
panels  which  are  the  direct  ancestors  of  those  already  described.  Their 
most  surprising  stylistic  characteristic  is  their  complete  indifference  to  anat- 
omical proportions.  The  proportion  of  the  head  to  the  complete  body,  for 
example,  varies  from  l/i  to  f ,  but,  even  in  spite  of  such  an  obvious  abnor- 
mality as  this,  strikingly  decorative  effects  are  achieved. 

As  has  been  pointed  out  above,  the  clothing  of  the  figures  on  the  columns  in 
the  Temple  of  the  Chac  Mool  more  closely  resembles  the  clothing  of  figures  in 
older  temples,  as  for  example  in  the  Temple  of  the  Jaguars,  than  it  does  that 
of  the  figures  in  the  Northwest  Colonnade.  These  earlier  reliefs  are  more 
careful,  even  if  less  skilful  than  the  later  ones.  Heads  especially  are  strongly 
individualistic  and  are  portrayed  with  a  sincerity  which  makes  beautiful  in 
features  even  the  ugliest.  The  coloring  is  well  preserved  and  the  strips  of 
painted  stucco  between  the  stones  are  nearly  intact. 

The  frescoes  in  the  two  chambers  of  the  Temple  of  the  Chac  Mool  are  a 
quadruple  representation  of  the  same  motif — a  highly  conventionalized 
snake.  The  body  is  suggested  by  two  broad  blue  lines  enclosing  successive 
areas  of  brilliant  flat  colors:  blue,  red,  green,  yellow  and  white.  From  the 
body  project  triangular  rays,  perhaps  a  symbol  of  light,  forming  a  continuous 
crest  along  the  two  sides.  The  head,  with  no  attempt  at  realistic  expression, 
presents  an  open  mouth  between  the  teeth  of  which  emerges  a  long  reptilian 
tongue  in  the  shape  of  a  decorative  double  scroll.  The  motion  of  a  reptile 
is  suggested  by  the  sinuous  curves  of  the  body.  From  the  bottom  part  of 
each  curve  issue  clusters  of  waving  flower-like  appendages  with  blue  stems 
and  yellow  petals.  Both  head-dress  and  tail  are  adorned  with  similar 
motifs.  From  under  the  head  projects  a  sort  of  stumpy  leg,  dressed  from 
shoulder  to  elbow  in  a  multicolor  sleeve,  and  ending  in  an  eagle  claw. 
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Originally  there  would  seem  to  have  been  eight  of  these  serpents,  sym- 
metrically distributed,  four  in  each  chamber,  and  the  fragments  still  remaining 
permit  a  rather  secure  restoration  of  the  arrangement  of  this  motif.  Over  the 
missing  altar  against  the  back  wall  of  the  sanctuary  was  a  more  minutely 
painted  panel,  of  which  only  a  trace  now  remains.  If  one  may  hazard  a  guess 
from  the  small  fragment  left,  this  consisted  of  human  figures  drawn  on  a  small 
scale,  performing  some  ceremony.  The  lower  part  of  the  wall  in  both  cham- 
bers was  painted  a  plain  black  but  the  stucco  was  left  unpainted  behind  a 
stone  bench,  now  destroyed.  When  this  stone  bench  was  removed  and 
before  the  filling  up  of  this  chamber,  some  forgotten  hand  had  sketched  in 
charcoal  upon  the  white  plastered  wall  against  which  the  bench  had  stood, 
apparently  in  an  accidental  way,  the  torso,  arms  and  head  of  an  Atlantean 
figure.  Another  sketch  of  the  same  subject  was  also  scratched  on  the  painting 
itself. 

The  dais  or  altar  found  in  the  North  Colonnade  is  of  the  same  type  as  the 
one  in  the  Northwest  Colonnade  described  last  year.1  It  presents  on  its 
three  carved  faces  a  procession  of  32  human  figures  proceeding  from  the  two 
sides  toward  a  smoking  offering,  probably  a  bowl  of  burning  copal  in  the 
middle  of  the  front  face.  The  relief,  which  has  been  given  only  one  coat  of 
stucco,  is  much  more  apparent  than  the  relief  in  the  other  dais,  where  it  has 
been  flattened  by  the  application  of  numerous  coats  of  stucco,  and  it  therefore 
has  a  greater  decorative  value.  This  entire  sculpture  was  copied  in  color  in 
the  same  scale  as  the  original. 

The  painted  capstone  found  between  the  North  and  Northwest  Colon- 
nades was  also  copied  in  colors  by  Mr.  Chariot.  It  presents  the  body 
of  a  warrior,  the  head  and  head-dress  missing,  in  full  war  regalia,  and  is 
drawn  on  a  very  small  scale.  The  stencil-like  painting  is  in  yellow,  green, 
blue  and  wine-purple,  and  is  of  great  delicacy;  it  was  applied  directly  to  the 
carefully  smoothed  white  stucco,  which  had  been  in  turn  laid  on  a  dressed 
stone.  Technically  it  is  by  far  the  finest  piece  of  pre-Columbian  mural  paint- 
ing which  has  yet  been  found  and  compares  favorably  with  the  best  pages  of 
the  codices.  The  upper  part,  which  probably  had  a  single  line  of  hiero- 
glyphics giving  the  dedicatory  date,  as  is  usually  the  case  in  these  painted 
capstones,  is  most  unfortunately  missing. 

Report  of  Karl  Ruppert  on  the  Caracol  (Station  5) 

Work  at  the  Caracol  was  carried  on  for  a  period  of  12  weeks,  beginning 
February  28.  During  this  time  three  masons  with  their  helpers  and  two  men 
for  excavation  were  employed. 

The  plan  of  work  for  the  season  embraced  two  principal  objectives:  (1) 
to  complete  the  excavation  of  the  inner  and  outer  corridors;  and  (2)  to  con- 
tinue the  work  of  replacing  the  5-member  cornice.  In  addition  test  excava- 
tions were  carried  on  at  three  places  on  the  lower  terrace,  where  there  was 
evidence  of  heretofore  unobserved  constructions.  Two  of  these  proved  to  be 
drains  in  the  floor  of  the  terrace,  one  opening  to  the  east  at  a  point  27  feet  north 
of  the  southeast  corner  of  the  terrace ;  and  the  other  opening  to  the  south  83 
feet  west  of  the  same  corner.  The  former  was  in  a  state  of  almost  perfect 
preservation. 

The  opening  in  the  terrace  floor  for  this  drain  is  9  feet  from  the  outer  edge 
of  the  platform  or  3  feet  6  inches  from  the  inside  face  of  the  terrace  parapet, 
and  measures  33  inches  by  24  inches.  Exit  is  through  the  wide  overhanging 
cornice  of  the  terrace.     The  drain  is  24  inches  wide,  and  its  height  from  floor 

1  See  Year  Book  No.  25,  pp.  261,  262  and  285. 
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to  soffit  of  the  stone  slabs,  which  form  the  roof,  varies  from  23  to  30.5  inches. 
This  is  due  to  three  irregularly  placed  steps  on  the  floor  and  corresponding 
variations  in  the  ceiling  level.     The  side  walls  are  of  faced  stone. 

With  the  falling  of  the  terrace  and  cornice  facing  on  the  south  side,  the  exit 
of  this  drain  was  destroyed.  Since  the  lower  terrace  was  enclosed  by  a  parapet 
it  was  no  doubt  necessary  to  provide  some  such  means  for  the  removal  of  the 
great  quantities  of  water  which  fell  during  the  rainy  season.  Due  to  the  poor 
condition  of  the  terrace  edges  elsewhere,  further  search  failed  to  reveal  other 
drains. 

The  third  structure  excavated  on  this  lower  terrace  was  a  small  building  at 
its  northwest  corner.  The  west  and  north  faces  of  the  terrace  have  fallen  at 
this  corner,  carrying  with  them  much  of  this  building,  so  that  its  exact 
dimensions  could  not  be  ascertained.  If  it  were  symmetrical,  as  is  usually  the 
case  in  Maya  buildings,  it  measured  35  feet  long,  east  and  west,  and  approxi- 
mately 12  feet  wide.  The  building  rests  on  a  platform  formed  of  a  single 
course  of  faced  stones.  A  portion  of  the  wall  at  the  southeast  corner  stands 
to  a  height  of  15  inches,  and  was  23  inches  thick.  Three  round  columns 
extended  across  the  south  or  front  face.  The  small  amount  of  debris  and 
absence  of  arch  stones  leads  to  the  assumption  that  the  roof  was  of  thatch, 
or  of  mortar  and  wood  like  some  of  those  at  Tulum. 

The  portion  of  the  upper  terrace  south  of  the  Caracol  proper  was  cleared  to 
the  floor  level.  This  revealed  a  parapet  30  inches  wide,  surrounding  the  edge 
of  the  upper  terrace  as  in  the  case  of  the  lower  terrace.  Just  inside  of  it  stone 
rings  had  been  imbedded  in  the  floor  at  three  points:  one  at  the  southeast 
corner,  a  second  at  the  medial  point  on  the  southern  side,  and  a  third  at  the 
south  side  of  the  stairway.  These  stone  rings  were  probably  for  the  reception 
of  poles  from  which  banners  were  suspended. 

On  the  northern  side  of  the  building,  excavation  was  primarily  for  the  pur- 
pose of  recovering  elements  belonging  to  the  5-member  cornice.  During  this 
work  two  other  rather  interesting  stones  were  uncovered ;  one  being  the  small 
human  head  which  belonged  in  the  mask  over  the  north  doorway.  Excava- 
tions on  the  western  and  southern  sides  had  not  revealed  the  heads  belonging 
to  the  masks  above  these  respective  doorways,  but  the  recovery  of  the  head  on 
the  northern  side  permitted  casts  to  be  made  of  it  in  cement,  which  were  used 
to  replace  these  missing  elements  in  the  masks  over  the  western  and  southern 
doorways. 

The  second  stone  is  problematic  in  use.  It  is  rectangular  in  form,  measur- 
ing 26  inches  by  13  inches  by  7  inches.  A  semicircular  groove  6.5  inches  in 
diameter  has  been  made  on  one  side.  Within  this  is  a  second  semicircular 
groove  an  inch  in  diameter  and  at  a  point  90°  in  from  the  edge  of  the  first. 
This  stone  was  found  sufficiently  high  in  the  talus  so  that,  with  another  stone 
like  it,  it  might  well  have  formed  the  finished  upper  opening  for  such  a  cir- 
cular vertical  shaft  extending  through  the  central  core  of  masonry  for  meridian 
sight  of  celestial  bodies,  as  first  suggested  by  0.  G.  Ricketson  jr.,  in  the  Year 
Book  for  1925  (p.  226). 

The  outer  and  inner  corridors  of  the  Caracol  were  completely  excavated. 
The  outside  wall  at  the  east  has  fallen  more  than  any  other  section.  An 
interesting  example  of  structural  failure  and  collapse  is  shown  on  this  side,  where 
13  feet  5  inches  of  the  5-member  cornice  has  actually  slumped  downward  and 
forward  to  within  a  few  feet  of  the  terrace  edge,  and  still  the  individual  stones 
forming  it  have  retained  their  relative  positions.  With  this  section  of  the 
cornice  there  also  fell  a  section  of  faced  stone  immediately  above  it,  46 
inches  in  height.  This  thus  establishes  a  plain  zone  of  at  least  this  height 
in  the  outer  facing  of  the  wall.     These  stones,  together  with  those  of  the 
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cornice,  were  numbered  and  plotted  so  that  should  further  restoration  seem 
advisable  they  may  with  certainty  again  be  restored  to  their  original  positions 
in  the  facade. 

The  east  doorway  as  well  as  the  east  wall  has  fallen  outward  and  is  badly 
in  need  of  repair  at  the  earliest  opportunity.  Such  repair  would  give  added 
protection  to  that  portion  of  the  inner  walls  which  is  still  standing.  Fortu- 
nately the  lintel  of  the  east  doorway  is  not  broken. 

Of  interest  in  the  excavation  of  the  inner  corridor  was  the  recovery  of  a 
rectangular  stone  with  rounded  top  found  embedded  in  the  floor  below 
the  entrance  to  the  spiral  stairway  in  the  central  core  of  the  building.  This 
stone  is  8  inches  thick,  11  inches  wide  and  projects  20  inches  above  the  floor. 

On  the  south  side  of  the  building  repair  was  continued,  where  operations 
were  suspended  at  the  close  of  the  1926  field  season.  This  year  saw  the  replac- 
ing of  24  feet  6  inches  of  the  5-member  cornice  on  this  side.  Due  to  the  fore- 
sight and  thoroughness  in  the  repair  of  this  outer  wall  and  section  of  the  arch 
on  the  southeast,  under  the  direction  of  Mr.  Ricketson  in  1925, x  it  was  pos- 
sible to  replace  the  cornice  without  disturbing  this  single  fragment  of  the 
original  arch,  which  has  survived  on  the  southern  side. 

The  inner  wall  of  the  arch  was  repaired  where  necessary,  and  the  outer 
curve  was  rebuilt  so  that  the  arch  could  be  closed  for  the  same  distance  that 
the  cornice  was  restored. 

The  mask  over  the  south  doorway  was  completely  restored  to  its  original 
position.  Mr.  Reygadas  of  the  Direction  of  Archaeology  was  at  Chichen  Itza 
when  this  work  was  done,  and  upon  his  advice  it  seemed  best  to  center  the 
mask  over  the  doorway,  in  spite  of  the  fact  that  a  portion  of  the  mask  over 
the  west  doorway  was  found  in  situ,  giving  its  original  position  as  slightly 
north  of  the  center  of  the  west  doorway,  i.  e.  off  center  with  reference  to  the 
vertical  axis  of  the  doorway. 

The  wall  on  the  north  side  of  the  building  was  in  a  very  poor  state  of 
preservation  so  that  it  seemed  advisable  to  re-lay  it  in  cement  in  order  to  give 
it  the  strength  necessary  to  bear  the  weight  of  the  heavy  5-member  cornice. 
In  all  cases  where  stones  were  removed  to  be  relaid  in  cement,  they  were  first 
numbered  and  charted  to  avoid  any  errors  in  returning  them  to  their  original 
positions.  The  broken  lintel  over  the  north  doorway  was  strengthened  by 
placing  above  it  two  6-inch  steel  rails,  7.5  feet  long,  from  which  two  0.5  inch 
bolts  extend  and  draw  the  lintel  into  position. 

It  was  possible  to  replace  22  feet  of  the  5-member  cornice  on  the  northern 
side,  thus  leaving  only  30  feet  more  of  this  unique  element  to  be  restored  to 
its  original  position.  A  like  amount  of  wall  below  the  cornice  will  have  to  be 
rebuilt.     At  present  189|  degrees  of  the  arch  are  in  position. 

A  feature  of  considerable  importance  was  the  discovery  that  the  ancient 
Maya  builders  had  placed  a  special  designatory  construction  mark  on  each 
of  the  stones  forming  the  lowest  element  of  the  5-member  cornice.  This 
consists  of  a  curved  groove,  the  arc  of  which  averages  4  inches  in  length;  it  was 
placed  on  one  or  both  sides  near  the  outer  edge,  so  that  it  extends  from  the 
battered  face  downward  to  the  bottom  of  the  stone.  This  mark  became 
invisible  when  the  stones  were  placed  in  position  in  the  cornice  as  each  new 
stone  hid  the  mark  on  the  one  next  it. 

Concerning  the  age  of  the  Caracol  we  are  not  entirely  in  the  dark.  Stylistic 
criteria  present  indicate  that  it  dates  from  some  time  during  the  Toltec  Period, 
i.  e.  after  the  Toltec  Conquest  of  Chichen  Itza  in  1191  A.  D.  There  is,  how- 
ever, even  more  positive  evidence  than  this  in  the  hieroglyphic  stela,  which 
stood  in  front  of  the  Caracol  on  a  platform  projecting  between  the  two  stair- 

1  Year  Book  No.  24,  pp.  265-267. 
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ways  leading  to  the  second  terrace,  discovered  by  Dr.  Morley  on  March  6, 
1923,1  and  also  in  the  hieroglyphic  band,  which  formerly  ornamented  the 
upper  part  of  the  tower. 

A  sculptured  block  from  this  cornice  which  was  found  in  1925  yielded  the 
date  11.16.0.4.1  3  Imix  9  Yax  circa.  1280  A.D.,2  and  during  the  current  sea- 
son Dr.  Morley  deciphered  the  Period  Ending  date  recorded  upon  the  stela  as 
11.15.17.0.0  12  Ahau  3  Yaxkin,  circa,  1277  A.D.,  something  over  3  years  earlier. 

Through  the  courtesy  of  Mr.  Luis  Rosadas  Vega,  Director  of  the  Museum 
of  Archaeology  and  History  at  Merida,  one  of  the  blocks  belonging  to  the 
hieroglyphic  cornice,  which  had  been  deposited  in  the  museum,  was  returned 
to  Chichen  Itza.  It  is  hoped  that  when  the  complete  excavation  of  the 
Caracol  shall  have  been  effected  and  all  the  elements  of  this  cornice  recovered, 
it  will  be  possible  to  arrange  them  in  their  original  order. 

Report  of  Karl  Ruppert  on  the  Temple  of  the  Wall  Panels  (Station  14) 

The  Temple  of  the  Wall  Panels  is  located  about  halfway  between  the  south- 
east corner  of  the  lower  terrace  of  the  Caracol  and  the  Iglesia  of  the  Monjas 
group.  After  three  days  of  preliminary  bushing  and  cleaning,  excavation 
was  started  on  this  temple  on  February  28  and  continued  for  five  weeks. 
Repair  work  was  begun  on  May  2  and  continued  for  a  period  of  eleven  weeks. 

The  structure  consists  of  a  solid  masonry  pyramid  surmounted  by  a  temple, 
and  lying  directly  west  of  and  attached  to  the  pyramid,  and  forming  an 
integral  part  of  the  whole,  is  a  colonnade.  The  edifice  rests  on  a  low  terrace 
reached  by  two  steps,  which  extends  9  feet  5  inches  on  either  side  of  the 
colonnade  and  20  feet  in  front. 

The  pyramid  measures  at  the  base  42  feet  9  inches  north  and  south  and 
rises  to  a  height  of  17  feet.  The  east  and  west  measurement  is  reduced  to  37 
feet,  due  to  the  abutting  colonnade  on  the  western  side.  On  the  northern 
and  southern  sides  of  the  pyramid,  where  the  colonnade  abuts  it,  plain  faced 
stones,  which  formed  the  outer  facing  of  the  pyramid,  were  found  in  situ  to  a 
height  of  8  feet.  This  faced  outer  surface  of  the  pyramid  rises  with  a  gradient 
of  79°  to  80°  from  the  horizontal. 

The  core  of  the  pyramid  is  formed  of  great  sections  of  rough-laid  masonry; 
large  rough  unworked  stones,  some  small  chips  and  an  occasional  worked 
stone  form  the  fill.  This  was  built  up,  section  or  block  at  a  time,  each  block 
defined  from  the  ones  next  it  by  a  smooth  surface  formed  by  troweling  the 
preceding  section.  The  temple  surmounting  the  pyramid  measures  28  feet 
8  inches  north  and  south.  As  its  eastern  or  back  wall  had  fallen,  no  definite 
east  and  west  over-all  measurement  could  be  made ;  however,  a  section  of  the 
northern  wall  of  the  inner  room,  6  feet  9  inches  long,  is  still  standing  and  may 
well  represent  its  original  length  to  the  exterior  northeast  corner,  since  the 
west  chamber  is  only  5  feet  8  inches  wide.  In  buildings  of  this  period,  the 
outer  and  inner  chambers  usually  have  approximately  the  same  dimensions, 
so  it  would  seem  that  the  over-all  inside  east  and  west  measurements  of  the 
temple  may  well  have  been  13.75  or  even  14  feet. 

Little  remains  of  the  outside  facing  of  the  temple.  On  the  west  a  battered 
zone  rises  33  inches  from  the  floor  to  a  7-inch  battered  cornice  which  projects 
3  inches.  The  middle  zone  rises  perpendicularly  above  this  for  a  few  feet  to 
where  the  wall  is  broken.  In  the  debris  at  the  base  of  the  pyramid  on  both 
the  northern  and  southern  sides  were  found  sculptured  stones  that  may  well 
have  fallen  from  panels  on  the  outer  walls  of  the  upper  temple.     Other  sculp- 

1  See  Year  Book  No.  22,  p.  262. 

2  See  Year  Book  No.  24,  pp.  249,  250. 
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tured  stones  found  in  the  talus,  which  undoubtedly  came  from  the  upper 
temple,  are  portions  of  a  mask,  found  on  both  the  northern  and  southern  sides 
of  the  pyramid,  but  in  neither  case  were  more  than  5  of  the  23  or  24  stones, 
necessary  to  complete  the  design,  found.  The  roof  of  the  temple  was  finished 
with  an  encircling  row  of  wedge-shaped  sculptures,  elements  of  the  roof  crest. 

The  outer  chamber  is  entered  by  a  triple  doorway  22  feet  wide,  formed  by 
two  round  columns,  a  foot  and  a  half  in  diameter  and  standing  to  a  height  of 
4  feet.  Two  other  drums  found  on  the  talus  in  front  would  increase  the  height 
of  these  columns  to  5  feet  5  inches.  Should  the  two  serpent  tails,  which  were 
also  found  in  the  talus  in  front,  belong  on  top  of  these  columns  the  height  of 
the  doorway  would  be  increased  to  6  feet  6  inches. 

Entrance  to  the  inner  chamber  was  through  a  single  doorway  44  inches 
wide,  the  present  height  to  which  the  jambs  now  rise  being  6  feet.  The 
present  highest  section  of  the  temple  wall  is  at  a  point  40  inches  south  from 
the  northeast  corner  of  the  outer  chamber,  where  it  reaches  a  height  of  7  feet 
2  inches. 

The  floor  of  the  temple  was  formed  of  an  average  5-inch  layer  of  plaster 
above  the  rough  core  of  the  pyramid.  This  was  smoothed  and  painted  a 
reddish  brown,  except  in  the  triple  doorway,  where  flag-stones  had  been  used. 

In  the  inner  room  a  secondary  bench  had  been  built  against  the  back  wall, 
resting  directly  on  the  well-smoothed  and  painted  floor.  The  bench  abutted 
the  north  and  south  walls,  its  base  being  only  20  inches  from  the  west  wall. 
The  side  of  the  bench  is  formed  of  two  courses  of  stone  26  inches  high.  Above 
this  is  a  6-inch  vertical  cornice  which  overhangs  3  inches.  The  bench  had 
been  plastered  and  painted  the  same  color  as  the  floor.  The  cornice  was 
painted  a  light  blue.  The  bench  was  traced  only  11  feet  7  inches  south  from 
the  north  wall  and  10  feet  8  inches  north  from  the  south  wall.  At  these  two 
points  it  was  completely  broken  away. 

In  the  narrow  20-inch  space  between  the  bench  and  the  wall  at  the  south 
end  were  found  numerous  bits  of  pottery  and  two  cylindrical  vases.  These 
latter  were  similar  in  shape  to  those  found  in  a  cache  at  the  Temple  of  the 
Warriors,  but  were  smaller,  being  only  8.5  inches  in  height.  In  the  southeast 
corner  on  the  floor  there  was  an  improvised  altar,  formed  of  two  stones ;  that 
against  the  south  wall  being  semi-circular  in  shape  with  a  diameter  of  8  inches 
and  11.5  inches  in  thickness.  To  the  north  of  this  stone  was  another  measur- 
ing 7  by  14  by  3  inches.  To  the  east  of  these  stones  resting  on  3  inches  of  ash 
were  found  the  two  vases  above  mentioned. 

A  beautifully  carved  stone  with  its  sculptured  face  down  was  found,  lying 
midway  between  the  jambs  of  the  inner  doorway  with  its  western  edge  4 
inches  west  of  the  east  line  of  the  doorway.  This  stone  measures  26  inches 
by  27  inches  by  6  inches,  and  is  a  complete  panel.  The  design  depicts  two 
warriors  facing  each  other,  carrying  staffs  and  atlatls,  the  whole  framed  by  a 
border  in  a  naturalistic  meander  design.  Traces  of  plaster  and  red  paint 
similar  to  that  on  the  floor  still  adhere  to  the  edges  of  the  stone.  The  stone 
completely  covered  and  projected  4  inches  west  of  a  shallow  recess  cut  in  the 
floor.  This  recess  was  roughly  squared  and  excavated  to  the  size  of  the  stone, 
which  may  have  been  placed  in  its  opening.  In  the  center  of  the  recess  was 
a  cist,  filled  with  earth,  stones  and  traces  of  ash,  with  an  opening  20  inches 
in  diameter  and  having  a  depth  of  30  inches.  The  sides  were  heavily  plastered 
with  red  stucco  and  flared  out  toward  the  base,  where  its  diameter  increased 
to  28  inches. 

West  of  the  inner  doorway  and  slightly  to  the  south  were  encountered  four 
faced  wall  stones  partly  embedded  in  the  floor,  so  that  their  smoothed  sur- 
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faces  were  6  inches  above  it.  They  formed  what  may  have  been  a  crude 
altar  as  they  showed  traces  of  fire  and  were  badly  broken. 

The  colonnade  forming,  as  it  were,  the  lower  chamber  to  the  Temple  of  the 
Wall  Panels,  has,  like  the  upper  temple;  its  long  axis  north  and  south.  Inside 
dimensions  are  52  feet  9  inches  by  21  feet  8  inches. 

The  outer  face  of  the  colonnade  wall  is  formed  of  a  battered  zone  33  inches 
in  height  and  on  which  rests  a  7-inch  battered  cornice,  which  overhangs  3 
inches;  a  vertical  middle  zone  6  feet  3  inches  high  rises  above  it.  The  medial 
3-member  cornice  has  a  7-inch  battered  lower  and  upper  member  separated 
by  a  5-inch  vertical  middle  member.  Resting  on  this  cornice  rose  a  34.5- 
inch  upper  vertical  zone,  terminated  by  another  3-member  cornice  similar 
to  the  medial  cornice,  with  the  exception  that  the  upper  member  measures 
19  inches  in  height. 

Of  great  interest  was  the  finding  of  sculptured  stone  elements  from  panels 
in  both  the  north  and  south  exterior  walls  of  this  colonnade.  The  southern 
panel  measures  45  inches  high  and  6  feet  5  inches  long,  while  the  northern  one 
is  of  the  same  height  but  slightly  narrower — 5  feet  1 1  inches.  The  northern 
panel  was  formed  of  15  stones  and  the  southern  of  17,  of  which,  however, 
one  is  still  missing.  Monkeys,  jaguars,  birds,  flowers,  trees  and  men  are 
represented  in  the  two  scenes.  In  the  center  of  the  southern  panel  is  shown 
a  tripod  incense  burner  with  a  man  sitting  on  either  side.  Above  this  is  a 
sun  disk  with  a  group  of  two  men  on  either  side.  Along  the  bottom  are  seven 
monkeys;  trees,  birds  and  jaguars  filling  in  the  background. 

The  northern  panel  has  a  series  of  twelve  monkeys  along  the  bottom.  In 
the  center  of  the  panel  is  a  thatched  house  with  two  men  before  it.  On  either 
side  are  trees,  birds  and  jaguars.     The  upper  row  is  formed  of  eight  men. 

The  colonnade  is  enclosed  at  the  north,  east  and  south  by  solid  walls.  The 
antse  on  the  western  side,  or  front,  are  each  8  feet  3.5  inches  long,  necessitating 
only  four  columns  in  the  outer  row,  whereas  there  are  six  in  the  two  inner  rows. 
The  columns  average  18  inches  in  diameter,  and  those  of  the  two  inner  rows 
are  7  feet  3  inches  high,  not  including  the  rectangular  capitals  which  add  10 
inches.  The  columns  of  the  outer  row  were  6  feet  5  inches  high,  including  the 
capitals. 

A  bench  52  inches  in  width  and  23  inches  high  with  a  6-inch  vertical  cornice 
overjutting  2  inches  is  continuous  along  the  north,  east  and  south  walls, 
except  for  the  portion  along  the  east  wall  between  the  third  intercolumnar 
space  from  either  end.  Here  the  bench  has  been  enlarged  so  that  it  is  6  feet 
wide  at  the  north  and  6  feet  5  inches  wide  at  the  south.  This  enlarged  portion 
of  the  bench  is  10  feet  in  length.  The  height  was  increased  6  inches,  the 
width  of  its  cornice.  The  plaster  of  the  lower  bench  rounds  up  on  to  that  of 
the  cornice  of  the  upper  bench.  This  enlarged  portion  of  the  bench  is  painted 
red  with  a  blue  cornice,  as  is  the  lower  bench. 

At  the  time  of  construction  of  the  pyramid  and  colonnade,  access  to  the 
temple  was  gained  by  a  stairway  leading  from  inside  the  colonnade,  similar 
to  the  one  at  the  Temple  of  the  Warriors  but  on  a  smaller  scale.  The  stair- 
way is  just  east  of  the  innermost  row  of  columns.  A  well,  or  opening,  8  feet 
6  inches  wide  in  the  roof  of  the  colonnade,  formed  by  the  omission  of  the 
eastern  half  of  the  arch  directly  over  the  stairway,  left  an  opening  for  the 
stairway,  leading  from  the  lower  to  the  upper  level.  That  this  was  clearly 
planned  at  the  time  of  construction  of  the  pyramid  and  colonnade  is  indicated 
by  the  building  of  two  lateral  eastward  extensions  of  the  east  wall  defining 
the  width  of  this  stairway.  These  lateral  extensions  are  8  feet  6  inches  apart 
and  extend  6  feet  7  inches  into  the  pyramid  fill  where  they  have  irregular 
terminations.     The  walls  extend  from  the  floor  level  to  the  spring  of  the  arch. 
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Special  arch  stones  finished  on  the  face  and  on  one  adjacent  side  were  found 
in  the  area  in  front  of  this  well.  These  are  like  the  stones  found  in  situ  at 
the  Temple  of  the  Warriors,  which  formed  the  ends  of  the  exposed  arches, 
where  the  stairway  passed  down  through  the  opening  in  the  roof  to  the  floor 
level  of  the  colonnade. 

In  a  later  alteration  of  the  colonnade  this  original  stairway  had  been  razed ; 
the  break  in  the  east  wall  through  which  it  had  passed  was  walled  up,  and  the 
eastern  side  of  the  arch  built  in  over  the  well.  Behind  the  fill  that  closed  the 
arch  and  leveled  the  floor  of  the  temple  and  roof  of  the  colonnade,  traces  of 
six  steps  were  noted  at  the  top  of  the  stairway.  With  the  removal  of  this 
stairway  in  ancient  times  there  was  necessitated  the  construction  of  a  new 
means  of  access  to  the  upper  structure,  which  was  accomplished  by  remodeling 
and  building  a  new  stairway  in  front  of  the  colonnade.  In  achieving  this,  the 
two  middle  columns  of  the  outer  row  were  encased  in  masonry  forming  two 
rectangular  columns  measuring  30  inches,  north  and  south,  and  with  a  width 
equaling  the  length  of  the  capital,  that  is,  24  inches,  the  south  and  north  sides 
respectively  of  the  capitals  being  flush  with  the  south  and  north  faces  of 
the  masonry  columns.  These  masonry  columns  were  then  plastered  on  all 
four  sides.  Later  a  masonry  wall  was  built  between  them,  extended  an 
average  of  1  foot  8.5  inches  to  the  north  of  the  northern  one  and  a  like  distance 
south  of  the  southern  one.  This  wall  was  3  feet  9  inches  thick  and  enclosed 
these  two  columns  on  the  south,  west  and  north.  In  connection  with  this 
third  phase  of  construction  a  mass  of  masonry  was  built  42.5  inches  to  the 
west  of  these  columns.  This  mass  was  faced  on  the  east  to  a  height  of  6.5 
feet,  equaling  that  of  the  wall  enclosing  the  columns,  and  with  it  formed  the 
two  walls  of  an  arched  passageway  42.5  inches  wide  and  15  feet  long.  The 
mass  of  masonry  on  the  west  of  this  passageway  formed  the  base  upon  which 
was  built  the  new  stairway.  Six  of  its  steps  were  found  in  situ  at  the  base. 
This  stairway  rose  in  front  of  the  colonnade  and  led  up  on  to  its  roof,  which 
was  the  same  level  as  the  floor  of  the  upper  temple. 

A  still  later  unit  of  construction  was  the  placing  of  masonry  balustrades, 
36  inches  wide,  against  the  plastered  north  and  south  sides  of  this  second 
stairway,  and  the  addition  of  masonry  blocks  of  the  same  width  against  the 
masonry  wall  which  enclosed  the  round  columns.  These  additional  sections 
made  the  total  length  of  the  arched  passageway  21  feet  2  inches. 

At  the  base  of  each  balustrade  had  been  placed  serpent  heads.  They  aver- 
age 37  inches  in  length,  21  inches  high  and  24  inches  wide  and  are  secondary 
in  their  use  here.  They  were  originally  made  to  be  placed  at  the  base  of 
round  serpent  columns,  as  the  concavity  at  the  back  of  each  indicates.  This 
is  the  first  example  of  a  round  serpent  column,  where  the  head  is  not  attached 
to,  or  better  forms  one  piece  with,  the  lowest  drum. 

It  is  within  reason  to  suppose  that  these  serpent  heads  may  have  belonged 
to  the  columns  of  the  exterior  doorway  in  the  upper  temple,  since  they  are 
round,  and  furthermore  two  serpent  tails  were  found  in  the  talus  in  front  of  this 
temple.  The  serpent  heads  are  well  formed  but  simple  in  decoration,  to  such 
an  extent  that  they  show  no  feather  treatment.  The  tails  are  equally  plain, 
showing  only  the  sculptured  rattles.  The  upward  projection  of  the  tails, 
invariably  found  in  other  serpent  columns  in  the  city,  is  here  lacking. 

In  clearing  the  platform  terrace  two  copper  artifacts  were  found:  one  a 
ring  0.75  inch  in  diameter  and  the  other  a  copper  point  Yyi  inches  long. 

A  depression  in  the  floor  measuring  5.5  feet  by  4  feet  by  14  inches  in  depth 
was  noted  20  inches  north  of  the  balustrade  of  the  second  stairway.  This 
recess  was  outlined  with  faced  stones  and  filled  with  earth,  ash,  a  tripod  vase 
of  Plumbate  Ware  and  two  stone  birds  with  stone  disk  pedestals.     The  birds 


256  CARNEGIE    INSTITUTION    OF   WASHINGTON 

are  7  inches  high  and  9  inches  long.  The  pedestals  have  a  diameter  of  5 
inches  and  are  3  inches  high. 

A  second  depression  was  noted  extending  under  the  bench  at  the  east  side 
near  the  point  where  the  earlier  stairway  rose  from  the  colonnade  floor.  This 
recess  was  15  inches  deep  and  filled  with  black  ash,  earth,  a  few  potsherds, 
shell  beads  and  ornaments. 

Excavations  in  the  lower  terrace,  on  which  this  group  stands,  revealed 
various  earlier  terraces  and  platforms.  One  directly  underlies  the  pyramid 
and  colonnade  but  is  not  oriented  with  it,  nor  does  it  bear  any  relation  to  the 
upper  structure.  This  platform  has  two  lateral  projections  at  the  western 
end,  from  which  on  the  north  side  a  series  of  5  steps  descends  4.5  feet  to  a 
lower  floor  level,  and  on  the  south  side  four  descending  steps  lead  to  a  similar 
level.  A  series  of  three  steps  at  the  extreme  northeast  corner  below  the  pres- 
ent terrace  level  also  gives  on  to  a  well-defined  flooring.  Such  remnants  of 
earlier  subfloor  walls,  stairs  and  platforms  show  clearly  how  this  locality,  as 
well  as  every  other  in  the  city  where  excavations  have  been  conducted,  are 
underlain  b}*-  remains  of  still  earlier  structures. 

This  group  clearly  belongs  to  the  Toltec  Period,  1191  to  1448  A.D.,  as 
evidenced  by  such  features  as  the  battered  basal  zone,  colonnade,  roof  crests, 
serpent  columns  and  the  feathered  serpent  and  sun  disk  motifs  in  the  sculp- 
tured panels.  It  would  seem  that  the  round  form  of  the  serpent  column 
might  be  earlier  than  the  square  form,  since  six  of  the  nine  pairs  of  serpent 
columns  found  at  Chichen  Itza  were  round,  and  only  one  pair,  that  in  the 
Temple  of  the  Wall  Panels,  does  not  have  the  heads  of  the  serpents  attached 
to  the  lowest  drums  of  the  columns.  The  early  form  of  its  serpent  columns, 
the  most  primitive  known,  the  relative  simplicity  of  the  structure  and  its  lack 
of  sophistication  tend  to  place  it  fairly  early  in  the  Toltec  Period. 

Report  of  0.  G.  Ricketson  jr.  on  the  Uazactun  Project 

In  conformity  with  the  contract  granted  by  the  Government  of  Guatemala 
to  the  Carnegie  Institution  of  Washington  for  the  excavation  of  the  ruins  at 
Uaxactun,1  the  second  season  was  inaugurated  early  in  January  1927.  The 
members  of  the  expedition  consisted  of  Oliver  G.  Ricketson  jr.,  in  charge, 
Monroe  Amsden,  assistant,  Mrs.  Ricketson  and  A.  Ledyard  Smith. 

The  purpose  of  the  1927  field  season  was  to  determine,  if  possible,  the 
functions  of  Group  E,  reported  in  1924  by  Frans  Blom  as  being  in  all  prob- 
ability a  solar  observatory.2  Group  E  consists  of  a  plaza,  the  long  axis  of 
which  runs  north  and  south,  308  feet  5  inches,  and  the  short  axis  east  and  west, 
150  feet  10.5  inches,  bounded  on  the  east  by  a  platform  mound,  234  feet  8 
inches  long  at  the  bottom  and  15  feet  high,  on  which  stand  Temples  E  I, 
E  II  and  E  III.  It  is  bounded  on  the  south  by  another  platform  mound  on 
which  stand  Temples  E  IV,  E  V  and  E  VI,  and  on  the  west  by  a  pyramidal 
structure,  E  VII,  which  is  50  feet  high.  On  the  north  are  four  mounds, 
E  VIII,  E  IX,  E  X  and  E  XI,  surrounding  a  small  court  known  as  the  North 
Court  of  Group  E.  The  plaza  contains  four  stelae,  18, 19  and  E  1  on  the  eastern 
margin  and  20  in  front  of  Pyramid  VII.     (See  accompanying  diagram.) 

During  1927,  excavations  were  concentrated  on  the  astronomically  sig- 
nificant elements  of  Group  E,  with  the  result  that  the  ground  plans  of  Tem- 
ples E  I,  E  II  and  E  III  were  determined,  as  well  as  the  stairway  and  base  of 
the  platform  on  which  these  temples  stand.  The  north  and  east  sides  of  the 
base  of  Pyramid  E  VII  and  its  stairway  were  also  uncovered. 

1  See  Year  Book  No.  25,  pp.  273,  274. 

2  See  Year  Book  No.  23,  pp.  218,  219. 
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Pyramid  E  VII  was  found  to  be  without  a  structure  on  its  top  and  with  its 
stairway  on  the  east.1  Its  construction  was  of  the  crudest  sort,  consisting  of 
rough,  broken  stones  covered  with  crumbling  plaster.  Under  this  disappoint- 
ing exterior,  however,  an  earlier  pyramid  was  discovered,  built  in  terraces  of 
well-wrought  stone  covered  with  plaster,  still  in  excellent  condition.  Less 
than  a  week  before  the  withdrawal  of  the  expedition,  made  necessary  by  the 
exhaustion  of  the  water  supply,  a  mask  was  uncovered  on  the  eastern  face  of 
this  inner  pyramid,  just  north  of  the  stairway  of  the  outer  one.  This  mask  was 
about  8  feet  square,  and  represented  a  human  or  a  humanized-animal  head. 
It  was  constructed  of  stucco  laid  over  a  masonry  core.    The  nose  was  extremely 


(above)   Cross-section  of  the  plaza  of  Group  E  through  Pyramid  E  VII,  Ptelse  19  and  20 
and  Temple  E  II.  (below)  Plan  of  east  and  west  sides  of  this  plaza,  showing  posi- 

tions of  astronomically  significant  elements. 

broad  and  flat,  with  a  transverse,  tapered  decoration  hanging  in  a  catenary 
curve  from  the  internal  canthi  of  the  two  eyes.  The  pupils  of  the  eyes  were 
represented  by  two  vertical  raised  bands.  The  mouth,  extending  nearly 
across  the  whole  face,  showed  as  a  narrow,  sunken  slit,  with  two  curling  fangs 
hanging  from  beneath  the  canine  teeth,  which  were  also  shown.    In  the  center 

1  Incorrectly  reported  in  Year  Book  No.  23,  p.  218,  as  crowned  with  the  remains  of  a  temple 
facing  south, 
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of  the  mouth  were  two  incisors,  overlaid  with  a  triangular  device  roughly- 
heart-shaped,  the  rounded  apex  pointing  down  and  the  base  contiguous  with 
the  upper  lip.  Only  the  right  ear  was  exposed;  it  was  represented  by  shallow 
incised  lines  and  moulding,  and  had  a  pointed  tip  and  a  flare  that  is  suggestive 
of  a  bat's  ear.  The  head  was  covered  with  the  conventionalized  representation 
of  a  feather  head-dress.  The  execution  of  the  whole  is  good,  though  markedly 
primitive.  It  is  not  done  in  bold  relief.  Further  excavation  of  this  mound 
will  reveal  other  masks  symmetrically  placed,  and  will  be  necessary  before  a 
final  report  can  be  written. 

When  the  debris  in  front  of  Pyramid  E  VII  was  cleared,  Stela  20  was  found 
to  stand  on  a  raised  dais,  1  foot  10  inches  high.  The  stela  is  6  feet  11  inches 
in  front  of  the  bottom  step  of  the  stairway. 

Temples  E  I,  E  II  and  E  III,  on  the  east  side  of  the  plaza,  were  found  to  be 
in  such  a  dilapidated  condition  that  the  greatest  difficulty  was  encountered  in 
finding  the  remains  of  walls.  Each  temple  stands  on  a  platform  10  feet  high. 
The  substructure  terrace,  upon  which  all  three  are  located,  is  15  feet  high,  and 
is  ascended  by  a  central  stairway,  34  feet  6  inches  wide  and  consisting  of  16 
steps,  on  the  west  side. 

Temple  E  I,  like  Temple  E  II,  faces  West  0°  3'  North.1  It  consists  of  a 
small,  two-room  building  reached  by  a  central  stairway  of  8  steps.  The  inner 
room  is  higher  by  a  step  of  1  foot  2  inches  than  the  anterior  room,  and  is 
divided  by  an  altar  against  the  back  wall  in  such  a  way  that  it  appears  to  be 
three  very  small  rooms.  This  altar  consists  of  a  rectangular  block  2  feet  high, 
with  L-shaped  walls  enclosing  the  two  sides  and  partly  enclosing  the  front.2 
One  step  is  cut  into  the  edge  at  the  entrance.  Excavation  in  the  altar  itself 
revealed  a  nest  of  potsherds.  The  pots  of  which  they  were  fragments  had  evi- 
dently been  broken  before  they  were  put  into  the  altar,  as  it  was  impossible  to 
assemble  even  one  whole  piece,  though  the  sherds  were  very  carefully  collected. 
Here  were  found  the  sherds  which,  when  pieced  together,  made  the  fragment 
with  the  beautiful  and  unusually  colored  painting  of  three  Maya  priests  in  full 
regalia.  The  colors  used  on  this  sherd  were  black,  grey,  white,  yellow  ochre, 
red,  crimson,  dark  brown  and  a  rose  pink  which  the  writer  has  not  seen  else- 
where in  Maya  pottery. 

South  of  the  altar  in  Temple  E  I,  in  a  circular  hole  in  the  floor  (Cyst  2,  1  foot 
6  inches  deep  and  1  foot  6  inches  in  diameter)  were  found  two  plain  red- 
ware  dishes  with  flaring  rims,  the  upper  one  inverted  over  the  bottom  one. 
Each  was  12.5  inches  in  diameter  at  the  rim,  and  about  4.25  inches  deep. 
They  enclosed  some  fragments  of  bone,  a  complete  set  of  human  teeth,  nine 
small  jade  beads,  two  small,  irregular  jade  ear-plugs  and  a  jade  pendant 
representing  an  animal  head.  All  of  the  jade  pieces  were  of  inferior  material 
and  workmanship.  Similar  burials  were  found  in  like  positions  in  the  other 
temples  of  this  group  and  will  be  described  with  the  temples  concerned. 

Of  the  walls  of  Temple  E  I,  for  the  most  part  only  the  inner  surface  remained 
standing,  and  only  between  the  front  and  back  rooms  could  the  thickness  of 
the  wall  be  measured.  It  was  found  to  be  4  feet  in  thickness.  The  walls  of  the 
anterior  chamber  and  the  outer  facing  over  the  rubble  core  of  the  building  were 
entirely  fallen,  this  condition  being  due  not  only  to  the  age  of  this  section  of 
the  city,  but  also  to  the  poor  quality  of  the  limestone  in  this  part  of  the  Yucatan 
Peninsula  and  to  the  size  of  the  trees  which  have  taken  root  in  the  ruins.  The 
platform  beneath  Temple  E  I  was  peculiar  in  that  its  southern  retaining  wall 
ran  South  83°  18'  East,  or  at  an  angle  of  96°  45'  with  the  front  line  (see  ac- 
companying diagram). 

1A11  directions  given  are  true  or  astronomic. 
2  Compare  the  shrines  in  the  Palenque  temples. 
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Temple  E  II  was  a  more  complex  structure.  It  was  evidently  the  chief 
temple  of  the  group,  and  stands  directly  behind  the  main  central  stairway 
from  the  plaza  to  the  top  of  the  mound.  Although  now  in  a  very  ruined 
condition,  originally  it  seems  to  have  been  a  four-room  building  on  a  platform, 
reached  by  10  steps,  each  6  feet  6  inches  wide  and  about  a  foot  high;  at  a  later 
date  walls  were  added  in  front  of  the  platform  on  the  level  of  the  top  of  the 
substructure  terrace.  These  walls,  when  excavated,  were  only  2  to  3  feet  in 
height ;  whether  they  formed  a  typical  Maya  room  with  vaulted  arch  it  is  not 
possible  to  say,  but  the  relative  thinness  of  the  walls,  2  feet  6  inches  to  3  feet, 
and  the  lack  of  any  cut  vault-stones  in  the  debris  would  seem  to  argue  against 
this  hypothesis.  In  the  southern  end  of  this  enclosed  space  traces  of  a  low 
shelf  or  bench  were  found  and  a  large  quantity  of  sherds. 

From  the  back  of  this  lower  room  or  gallery,  the  steps  above  mentioned  lead 
into  the  anterior  chamber  of  the  temple  itself,  and  two  more  steps  lead  into 
the  posterior  chamber,  This  latter  was  divided  into  a  middle  and  two  lateral 
rooms  by  tranverse  walls  pierced  with  doorways.  The  outer  side  walls  in 
both  of  the  lateral  rooms  had  completely  fallen,  making  it  difficult  to  deter- 
mine the  original  inside  length,  north  and  south,  of  the  building.  It  was  about 
41  feet.  The  central  room  contained  a  rectangular,  plastered  bench  or  altar,  8 
feet  3  inches  deep  by  8  feet  7  inches  wide  by  1  foot  4  inches  high,  which,  upon 
excavation,  proved  most  interesting.  Inside  it  were  two  other  earlier  altars, 
one  built  over  the  other.  The  earliest  and  smallest  one  consisted  of  a  rec- 
tangular plastered  block,  35  inches  deep  by  45  inches  wide,  with  a  basin-like 
depression  in  the  center  and  two  lateral  walls  framing  it.  These  walls 
extended  less  than  18  inches  forward  from  the  back  wall  of  the  temple.  The 
second  altar  extended  the  lateral  walls  to  57  inches  from  the  back  wall  and 
completely  covered  the  altar  beneath.  The  second  altar  was  1  foot  1  inch 
high,  painted  red,  and  also  contained  a  basin-like  depression  in  the  top.  The 
third  or  outer  altar  completely  covered  the  constructions  beneath,  though  the 
lateral  walls  on  the  north  and  south  had  not  been  extended  to  the  front  margin 
but  left  as  they  were  when  the  middle  altar  was  constructed.  The  outer  altar 
had  been  plastered  many  times,  and  painted  differently  each  time,  the  most 
frequently  occurring  colors  being  red  and  gray. 

Above  the  surface  of  the  second  altar  and  below  the  surface  of  the  third, 
i.  e.  apparently  in  the  depression  on  top  of  the  second  altar,  were  found  71 
small  pieces  of  jade,  all  broken  pieces,  small  useless  chips  of  varying  sizes 
and  shapes.  These  were  scattered  throughout  the  rubble  of  the  altar,  as  well 
as  a  large  quantity  of  bones  of  small  animals — bats  and  small  rodents.  In  the 
southwest  corner  of  this  area  a  small  red  dish  was  found,  upside  down,  and 
near  it  a  small  red  pottery  disk,  a  bird's  head  of  red  pottery,  with  eyes  and 
wattle  appliqued  in  the  same  material,  and  a  few  disassociated  human  bones 
and  teeth,  apparently  of  a  child.  In  the  latest  part  of  the  altar,  i.  e.  below 
the  surface  of  the  outer  altar  but  beyond  the  margin  of  the  second  one, 
innumerable  skeletons  of  bats  and  rodents  were  found  in  a  very  fine  black  dirt.1 
Two  very  small  and  finely  worked  lancets  of  obsidian,  2  inches  and  2.75 
inches  long  respectively,  were  found  among  the  bones  and  Mr.  Ricketson 
believes  that  these  were  the  instruments  used  to  kill  the  small  animal  offerings. 
In  the  southwest  corner  of  this  altar  were  two  flat  red- ware  dishes  with  flaring 
rims,  about  6.75  inches  in  diameter  and  2  inches  deep,  the  upper  one  inverted 
oyer  the  bottom  one,  as  already  described  in  Cyst  2,  Temple  E  I.  These 
dishes  contained  a  fine  dust,  apparently  fragments  of  bone. 

South  of  the  altar  and  in  the  center  of  the  south  room  of  the  temple,  two 
more  cysts,  6  and  5  respectively,  were  discovered  in  the  floor.     Cyst  6  con- 

1  Dr.  Glover  Allen  can  identify  the  following:  Yucatan  leaf-nosed  bat,  short-tailed  bat;  Yucatan 
cotton  rat,  the  rice  rat  (?). 
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tained  two  plain  red-ware  dishes  with  flaring  sides,  the  upper  one  inverted 
over  the  bottom  one.  Between  the  dishes  were  a  human  cranium  and  atlas, 
in  good  condition  when  found.  It  seemed  to  be  that  of  an  immature  person, 
possibly  male.  The  two  lower  incisors  were  lacking  and  the  bone  healed  over; 
the  fronto-occipital  deformation  was  slight;  the  teeth  were  unworn;  there  was 
visible  a  shrunken,  brown,  friable  tissue  in  the  nares  and  orbits,  over  the  supra- 
orbital ridges,  the  forehead  and  the  cheek  bones,  suggesting  preserved  perios- 
teum. The  skull  discolored  to  a  pronounced  yellow  after  a  few  days'  exposure 
to  the  air.  The  cephalic  index,  taken  with  improvised  instruments,  was  about 
91.  Cyst  5  contained  only  black  dirt,  a  few  unrelated  sherds  and  a  very  crude 
pierced  stone  pendant,  with  two  holes  drilled  in  it  to  represent  eyes;  the  pen- 
dant is  1.4  inches  long  and  of  a  dark  brown,  unpolished  stone. 

The  back  wall  of  Temple  E  II,  immediately  south  of  the  altar,  was  pierced 
by  a  rectangular  shaft  at  the  floor  level.  This  was  approximately  1  foot 
square  and  must  have  served  as  a  drain  or  ventilator.  The  doorway  leading 
from  the  central  room  into  the  south  room  appeared  to  have  been  sealed. 
Two  large  stones  formed  a  kind  of  threshold  which  had  been  plastered  over  on 
the  side  of  the  central  room  but  not  on  the  side  of  the  south  room.  Moreover, 
2  inches  of  black  loam  was  found  on  the  floor  of  the  south  room,  but  in  neither 
of  the  other  two;  from  this  it  might  be  inferred  that  after  the  south  wall  fell 
and  before  this  black  loam  was  deposited  by  decaying  vegetation,  the  walling 
up  of  the  doorway  to  protect  the  central  room  and  altar  was  undertaken 
rather  than  the  restoration  of  the  whole  south  wall.  If  this  hypothesis  is 
correct,  it  would  indicate  that  the  Maya  utilized  these  temples  even  after 
they  had  started  to  disintegrate. 

Temple  E  III,  the  southernmost  of  this  group  of  three  temples,  differs  from 
the  others  in  that  it  faces  West  7°  42'  North,  making  an  angle  of  7°  39'  with 
the  other  two  (see  the  diagram).  The  platform  under  it,  at  least  on  the 
north  side,  is  parallel  to  the  south  side  of  Temple  E  II.  The  south  side 
of  E  III  is  entirely  fallen.  In  general,  the  ground  plan  of  Temple  E  III 
duplicates  that  of  Temple  E  I,  except  that  the  front  edge  of  the  altar  has  no 
step  cut  into  it.  Three  cysts  were  found  in  Temple  E  III.  One  was  in  the 
altar  against  the  back  wall  of  the  temple,  Cyst  3,  and  contained  a  barrel- 
shaped  jar  of  ordinary  ware  with  a  flat,  rimmed  cover,  the  whole  being  4.4 
inches  high  and  4.8  inches  in  diameter.  The  jar  contained  an  archaic  mud- 
stone  figurine,  sitting  on  a  little  heap  of  dust,  with  its  face  to  the  north. 
The  figurine  is  extremely  crude  and  represents  a  person  squatting  with  the 
arms  at  the  sides  of  the  body,  the  hands  folded  over  the  knees.  The  eyes, 
rectangular  in  outline,  are  marked  off  by  grooves.  When  found,  the  figurine 
showed  many  traces  of  vermilion  paint. 

The  next  cyst,  No.  4,  was  found  in  the  floor  south  of  the  altar.  It  contained 
two  flat  dishes  of  red  ware  with  flaring  rims,  about  3.75  inches  deep  and 
11.25  inches  in  diameter  at  the  rim,  the  upper  one  inverted  over  the  bottom 
one.  These  contained  a  cranium  complete  with  the  atlas,  the  axis  and  the 
first  cervical  vertebra;  the  sutures  of  the  skull  were  unclosed.  On  both  right 
and  left  sides  of  both  upper  and  lower  jaws,  the  second  and  third  molars  had 
erupted,  but  the  deciduous  first  molars  had  not  yet  been  pushed  out;  all  of 
the  teeth  were  absolutely  unworn.  It  was  impossible  to  determine  the  sex  of 
the  individual.  As  with  the  skull  from  Cyst  6,  the  frontal  region  was  covered 
with  a  friable  brown  coating;  unfortunately  the  condition  of  this  skull  was 
such  that  it  fell  to  pieces,  even  before  it  could  be  removed  to  camp. 

The  last  cyst,  No.  7,  was  found  in  the  doorway  between  the  outer  and  inner 
rooms  of  Temple  E  III.  It  contained  two  dishes  similar  to  those  already 
described  as  containing  skulls,  but  broken.  Fragments  of  bone,  unidentifiable, 
but  no  teeth,  were  found  inside.  The  lower  pot  differed  from  the  others  in 
that  it  had  four  sets  of  two  perforations  midway  between  the  rim  and  bottom. 
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Excavation  of  the  base  of  the  substructure  mound  beneath  Temples  E  I, 
E  II  and  E  III  showed  that  it  was  terraced,  the  terraces  being  steep  and 
shallow.  The  main  stairway,  probably  balustraded,  was  set  back  2  feet  2.5 
inches  from  the  front  of  the  mound.  Stelae  18  and  19  were  cleared  and  it 
was  noted  that  both  are  set  in  the  ground  obliquely;  there  was  no  evidence 
to  show  that  this  was  not  done  intentionally.  The  altars  in  front  of  these 
two  stelae  were  cleared,  and  they  were  found  to  be  supported  on  a  tripod 
formed  of  three  large,  roughly  rounded  boulders.  Excavations  were  extended 
in  an  effort  to  determine  the  exact  position  occupied  by  Stela  E  I  before  its 
fall,  and  a  hole  piercing  three  layers  of  plaza  pavement  and  ending  at  a  fourth 
was  found  31  feet  5  inches  south  of  Stela  19;  the  measured  distance  between 
Stelae  18  and  19  being  30  feet,  this  position  for  Stela  E  I  was  assumed  to  be  the 
correct  one. 

As  soon  as  the  progress  of  the  excavations  permitted,  angular  measurements 
were  taken  with  a  theodolite,  reading  only  to  tenths  of  degrees.  The  direc- 
tions were  determined  with  the  theodolite  set  up  14.5  inches  to  the  east  of 
the  center  line  of  Stela  20,  a  position  not  impossible  for  an  observer  to  assume, 
if  the  group  really  served  as  a  solar  observatory.  Markers  were,  then  set  up 
on  the  midlines  of  the  entrances  of  the  inner  doorways  in  Temples  E  I,  E  II 
and  E  III.  These  points  were  chosen  for  two  reasons:  (1)  they  could  be 
determined  exactly,  an  advantage  not  offered  by  many  other  points ;  and  (2) 
they  stood  at  the  approximate  centers  of  buildings,  the  exact  outside  dimen- 
sions of  which,  owing  to  the  total  destruction  of  all  north  and  south  exterior 
walls,  must  always  remain  conjectural. 

In  considering  the  elements  of  this  group  which  may  have  composed  a 
solar  observatory,  i.  e.  Stelae  19  and  20  and  Temples  E  I,  E  II,  E  III  and 
E  VII,  it  is  necessary  to  consider  the  geographic  position  of  Uaxactun.  This 
was  determined  in  1923  as  being  Lat.  17°  23.8'  North  and  Long.  89°  38.4' 
West  from  Greenwich.1  The  correction  for  the  magnetic  declination  of  the 
compass  for  1927  is  7°  12'  East,2  and  the  amplitudes  for  sunrise  are  as  follows: 

Extreme   values  during  year 
North  of  East  on  June  22 
South  of  East  on  December  22 

The  true  astronomic  directions  are  as  follows.  A  correction  of  7°  12'  east, 
for  the  magnetic  declination  of  the  compass  in  this  region  in  1927  as  noted 
above,  has  been  used  throughout. 
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1     45    S 

Stela  E  1  (hole) 

S  74    18    E 

15    42    S 

Center  of  doorway  Temple  E  III 

S  65    18    E 

24    42    S 

24.9°  on  Dec.  22 

Stela  18  (center) 

N77     12    E 

12    48    N 

Center  of  doorway  Temple  E  I 

N68    00    E 

22    57    N 

24.4°  on  June  22 

These  figures  show  variations  from  the  figures  given  by  Frans  Blom,3  whose 
preliminary  observations  were  made  with  a  Brunton  Pocket  Compass  and 
without  excavation.  The  chief  differences  lie  in  the  sights  from  Stela  20  to 
Stelae  19  and  18,  given  by  Mr.  Blom  as  true  East  and  North  76°  East,  respec- 

1  Incorrectly  given  in  Year  Book  No.  23,  pp.  218-219  as  Lat.  17°  23'  8*  North  and  Long. 
89°  38'  4"  West. 

2  Information  supplied  by  the  Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of 
Washington. 

3  Year  Book  No.  23,  p.  217  et  seq. 
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tively.1  His  bearing  to  Stela  E  1  may  be  thrown  out  entirely,  as  its  position 
without  excavation  could  only  be  conjectured.  Mr.  Blom  states  that  the 
angle  between  Stela  18  and  Stela  19  (as  taken  from  Stela  20)  is  14°;  this  is 
approximately  correct,  but  he  places  Stela  18  1°12'  and  Stela  19  1°45'  too 
far  north.     The  angular  difference  between  the  two  centers  is  actually  14°  33'. 

As  a  check,  angles  of  24.4°  to  the  north  of,  and  24.9°  to  the  south  of  the  true 
east-west  line  were  measured  off  in  the  field  from  Stela  20.  These  lines 
are  labeled  a  n  (amplitude  north)  and  a  s  (amplitude  south)  on  the  accom- 
panying diagram.  Upon  completion  of  the  plan  of  Group  E  on  paper, 
similar  angles  for  the  amplitude  of  the  Sun  were  laid  off  from  the  point  T,  at 
the  top  of  the  stairway  on  Pyramid  E  VII.  These  angles  as  extended  are 
indicated  by  the  lines  A  N  and  A  S  on  the  diagram.  It  is  greatly  to  be  regretted 
that  Temples  E  I  and  E  III  are  so  very  badly  fallen,  for  an  observer  standing 
on  the  stairway  of  Pyramid  E  VII  could  so  change  the  location  of  his  eye  by 
ascending  or  descending  the  steps  as  to  cause  the  amplitudes  of  the  Sun  to  fall 
anywhere  between  A  N  and  a  n,  and  A  S  and  a  s.  This  fact  not  only  gives  a 
great  deal  of  leeway  for  the  location  of  the  point  sighted  upon  from  Pyramid 
E  VII,  but  it  allows  the  observer  to  mount  from  the  plaza  level  to  a  point  as 
high  as  35  feet  in  the  air  (plus  his  own  height) ,  a  distinct  advantage  in  making 
a  sight  in  relation  to  a  temple,  the  platform  of  which  already  rests  on  a  sub- 
structure mound  15  feet  high.  Obviously,  no  horizon  sight  can  be  made  from 
Stela  20  with  this  mound  looming  in  the  way.  Furthermore,  since  the  north 
wall  of  Temple  E  I  and  the  south  wall  of  Temple  E  III  must  fall  somewhere 
between  the  lines  A  N  and  a  n,  and  A  S  and  a  s,  respectively,  it  is  self-evident 
that  from  some  position  on  the  midline  of  the  stairway  of  Pyramid  E  VII  an 
observer  would  see  the  Sun  rise  on  the  summer  and  the  winter  solstices  in  rela- 
tion to  these  temples.  If  he  placed  his  eye  15  feet  above  the  plaza  level  (i.  e. 
level  with  the  top  of  the  eastern  substructure),  the  amplitudes  of  the  Sun 
would  fall  along  the  lines  a'  n'  and  a'  s'.  From  this  same  point  the  directions 
north  83°  east  and  south  83°  east  were  laid  off  (i.  e.  7°  north  and  south  of  the 
true  east-west  line) .  These  directions  mark  the  dates  of  sunrise  on  April  6  and 
September  6,  and  March  3  and  October  10  respectively,  which  are  about  17 
days  before  or  after  the  dates  of  the  equinoxes.2  It  is  interesting  to  note  how 
closely  they  approximate  the  outlines  of  Temple  E  II. 

If  we  compare  these  dates  with  the  dates  on  the  three  standing  stelse  in 
Group  E,  we  see  a  close  approximation  as  regards  the  April  dates.3 

Stela  19  8.16.0.0.0.  3  Ahau  8  Rankin  April  5,    97  A.  D. 

Stela  18  8.16.0.0.0.  3  Ahau  8  Kankin  April  5,    97  A.  D. 

Stela  20  9.  3.0.0.0.  2  Ahau  18  Muan  April  3,  235  A.  D.4 

1  Two  errors  in  Year  Book  No.  23  should  be  corrected  here,  besides  that  of  the  geographic 
position  of  Uaxactun,  already  noted.  On  page  219  the  following  sentence  "  We  see  that  the  lines 
of  sight  from  Stela  20  to  Stela?  18  and  F.a.  [misprint  for  E  1]  are  24°  north  and  south  of  the  true 
east,  coinciding  with  the  two  extremes  at  which  the  sun  rises  during  the  year"  should  read  "We 
see  that  the  lines  of  sight  from  Stela  20  to  Temples  E  I  and  E  III  are  24°  north  and  south  of  the 
true  east."  Cf.  page  218  of  Mr.  Blom's  unpublished  report,  lines  3  and  4  from  the  bottom  of  the 
page,  for  the  correct  statement. 

2  Information  supplied  by  the  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Institution 
of  Washington,  by  letter  of  August  13,  1927,  No.  F  1. 

3  In  order  to  determine  if  the  discrepancy  between  April  6  (as  given  by  the  direction  N.  83°E.) 
and  April  5  (as  given  on  stelae  18  and  19)  were  significant,  the  direction  to  the  probable  location 
of  the  northwest  corner  of  Temple  E  II  was  taken.  This  is  N.  85°10'  E.  a  difference  of  2°10' — 
too  much  to  account  for  only  one  day.  A  tentative  explanation  for  this  discrepancy  of  one  day 
has  been  offered  by  the  Department  of  Terrestrial  Magnetism  in  the  fact  that  the  difference 
between  97  A.D.  and  235  A.D.  is  138  years,  i.  e.,  an  interval  for  which  the  excess  of  36534  days 
above  a  solar  year  would  amount  to  a  trifle  over  one  day  (one  day  in  128  years,  to  be  more  exact.) 

4  Maya  dates  deciphered  by  Dr.  S.  G.  Morley;  equivalents  in  Christian  chronology  according 
to  the  correlation  proposed  by  Dr.  H.  J.  Spinden. 
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The  1927  expedition  is  deeply  indebted  to  many  individuals  for  their 
courtesy  and  assistance,  chief  among  whom  are  Mr.  and  Mrs.  P.  W.  Shufeldt, 
Mr.  C.  0.  Taylor,  and  Mr.  Robert  Masson  of  Belize;  Dr.  and  Mrs.  Patterson 
of  El  Cayo;  Sr.  Lie.  Don  Antonio  Villacorta,  Sr.  Ing.  Don  Fernando  Cruz,  Sr. 
Dr.  Don  Federigo  Mora,  Sr.  Lie.  Don  Virgilio  Beteta,  Sr.  Don  Carlos  Luna, 
Mr.  James  Roach  and  Mr.  David  Davidson  of  Guatemala,  and  to  Mr.  G.  P. 
Chittenden  of  the  United  Fruit  Company,  through  whom  many  courtesies 
were  extended  by  the  Guatemala  Division.  Mr.  Ricketson  is  personally  in- 
debted to  the  Department  of  Terrestrial  Magnetism  of  the  Carnegie  Insti- 
tution of  Washington  for  supplying  him  the  magnetic  and  astronomic  data. 

Report  of  S.  G.  Morley  on  the  Etznd  Expedition 

On  January  13,  1927,  Mr.  Nazario  Quintana  Bello,  Inspector  of  Archae- 
ological Monuments  for  the  State  of  Campeche,  discovered  an  important  Old 
Empire  city,  some  40  miles  southeast  of  Campeche,  the  state  capital,  and  8 
miles  east  of  the  modern  village  of  Tixmucuy.  A  temple,  5  stories  high,  was 
the  principal  object  stressed  in  the  press  reports  of  the  discovery  and  the 
name  of  Tixmucuy  was  incorrectly  attached  to  the  city. 

Early  in  March,  Messrs.  Reygadas,  Palacios  and  Mariscal  visited  this  site 
in  behalf  of  the  Direction  of  Archaeology  of  the  Mexican  Government,  and 
made  additional  discoveries  of  even  greater  scientific  importance.  Several 
hieroglyphic  monuments  were  found,  and  Mr.  Palacios  succeeded  in  decipher- 
ing on  the  front  of  Stela  2  an  exceedingly  difficult  and  very  much  weathered 
text,  recording  the  Initial  Series  date,  9.15.0.0.0  4  Ahau  13  Yax  (circa.  472 
A.  D.),  which  fixes  the  chronological  position  of  the  city. 

This  new  Initial  Series  makes  the  fourteenth  to  have  been  found  in  Yuca- 
tan,1 and  the  third  in  the  State  of  Campeche,  the  other  two  being  the  one  from 
Holactun  on  the  savana  of  Xalumkin  south  of  the  railroad  station  of  Dzit- 
balche,2  and  the  other  from  the  Island  of  Jaina  on  the  northwest  coast.3 

On  May  15  and  16,  Dr.  Morley  and  Messrs.  Ruppert  and  Crandall  visited 
this  site  in  behalf  of  the  Institution,  discovering  15  additional  monuments,  bring- 
ing the  total  of  sculptured  stelae  to  17,  and  a  hieroglyphic  step  in  front  of  the 
principal  temple.  At  this  time  also,  the  true  name  of  the  site  was  ascertained 
from  the  inhabitants  of  the  nearby  village  of  Tixmucuy. 

The  local  name  for  this  group  of  ruins  is  Etzna  meaning  in  Maya  "etz"  a 
grimace,  or  a  face,  in  the  sense  of  to  make  a  "face,"  and  "na,"  house — perhaps 
"The  House  of  Grimaces,"  would  be  a  free  translation.  The  Indians  of  the 
region  have  a  tradition  that  if  one  is  hungry,  and  leaves  money  on  the  stones 
at  Etzna,  returning  later,  a  good  meal  will  be  found  in  its  place. 

Finding  the  name  Etzna  so  clearly  attached  to  the  site,  and  not  that  of 
Tixmucuy,  the  name  of  the  modern  village  nearest  thereto  and  under  which 
the  first  press  notices  thereof  had  gone  forth,  Dr.  Morley  asked  permission  of 
the  Direction  of  Archaeology  at  Mexico  City  to  make  this  change  in  nomen- 
clature before  such  a  misleading  designation  should  become  fixed.  This  was 
graciously  granted,  and  the  local  name  Etzna  was  accepted  for  the  group. 

The  ruins  of  Etzna  indicate  that  it  had  been  a  place  of  considerable  size,  a 
large  provincial  Old  Empire  city,  although  not  so  large  as  Coba.4    The  Large 

1  Nine  Initial  Series  were  discovered  in  Yucatan  in  1926,  one  at  a  small  site  called  Ichpaatun  on 
the  shores  of  Chetumal  Bay,  Territory  of  Quintana  Roo,  by  Dr.  T.  Gann,  and  the  other  eight  at 
Coba  in  eastern  Yucatan  by  the  Carnegie  Institution  of  Washington.  See  Year  Book  No.  25, 
pp.  274-277. 

2  See  Year  Books  No.  17,  p.  274,  first  table;  and  No.  23,  p.  211. 

3  See  Year  Book  No.  23,  pp.  210-211. 

4  See  Year  Book  No.  25,  pp.  274-277. 
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Acropolis  is  an  enormous  construction  measuring  more  than  500  feet  on  a  side 
and  some  25  to  30  feet  in  height.  From  the  broad  platform  thus  provided, 
rise  four  temples  on  the  four  sides  of  a  court,  that  on  the  eastern  side  (i.  e. 
facing  west)  being  the  Temple  of  The  Five  Stories,  noted  in  the  first  press 
despatches.  The  four  lower  stories  of  this  edifice  are  built  against  the  side  of 
the  supporting  pyramid,  in  tiers  receding  toward  the  summit,  a  broad  central 
stairway  leading  from  the  court  level  to  the  fifth  story  above. 

This  had  originally  been  composed  of  two  chambers,  one  behind  the  other, 
but  the  outer  front  wall  had  entirely  fallen,  leaving  only  the  inner  chamber 
intact.  Although  the  exterior  walls  had  been  made  of  faced  stone,  the  in- 
dividual blocks  were  very  small  and  not  overly  well  executed.  The  arch- 
stones  were  not  shaped  as  in  New  Empire  times,  the  slope  of  the  corbel  being 
achieved  by  a  liberal  stucco  finish,  now  fallen,  leaving  the  rough  butts  of  its 
constituent  elements  exposed.  Against  the  back  of  the  inner  chamber  a  large 
plain  slab  of  stone  had  been  let  into  the  wall.  This  had  every  appearance  of 
being  a  stela,  but  was  without  carving.  The  wooden  lintel  over  the  doorway 
leading  into  this  chamber  was  of  four  sapote  beams,  all  in  good  condition. 
This  fifth  story  is  surmounted  by  a  roof-comb,  in  fairly  good  condition. 

Perhaps  the  most  interesting  feature  connected  with  the  Temple  of  The 
Five  Stories  is  the  presence  of  one  or  more  hieroglyphic  steps  in  the  stairway 
leading  to  the  fifth  story.  Such,  however,  is  its  present  chaotic  condition,  the 
component  blocks  having  fallen  and  rolled  hither  and  thither,  that  it  was 
impossible  to  verify  to  what  extent  the  risers  of  the  individual  steps  had  been 
carved.  Near  the  bottom,  one  step  and  possibly  two,  showed  hieroglyphs 
carved  upon  the  riser.  Each  glyph  is  presented  in  a  single  cartouche  with 
rounded  corners.  Unfortunately  some  one  had  torn  a  number  of  blocks  from 
their  original  positions  and  thus  destroyed  the  original  sequence,  a  matter  of 
vital  importance  in  deciphering  Maya  texts.  Considerable  excavation,  par- 
ticularly at  the  northern  side  of  the  stairway,  will  be  necessary  before  the 
beginning  of  this  inscription  (i.  e.  the  left  half  of  the  step,  facing  it)  is  disclosed. 

The  Small  Acropolis  lying  just  south  of  the  Large  Acropolis,  and  practically 
joining  it,  is  even  of  greater  scientific  interest,  in  that  here  were  found  all  the 
17  sculptured  stelae  thus  far  reported  at  Etzna. 

The  Small  Acropolis  is  surmounted  by  five  temples,  the  one  on  the  western 
side  irregularly  facing  west,  that  is  away  from  the  court  behind  it,  upon 
which  the  other  four  face.  The  western  temple,  however,  would  appear  to  have 
been  the  most  important,  since  arranged  in  tiers  in  front  of  it,  there  are  at  least 
three  rows  and  possibly  four  on  the  general  ground  level  at  the  western  base 
of  the  Small  Acropolis,  another  possibly  halfway  up  the  slope,  and  a  last  row 
of  two  stelae  on  the  terrace  above  directly  in  front  of  the  temple,  in  all  16  of  the 
17  stelae  thus  far  found  at  this  site.  The  remaining  monument,  Stela  17, 
stands  in  front  of  the  temple  on  the  eastern  side  of  the  plaza  above. 

Fortunately  most  of  the  monuments  associated  with  the  Temple  of  the 
Sixteen  Stelae  had  fallen  with  their  sculptured  faces  downward  in  ancient 
times,  so  that  the  relief  in  many  cases  is  still  beautifully  preserved.  Of  the  16 
monuments  in  front  of  this  temple,  only  2  (Stelae  2  and  11)  were  found  stand- 
ing by  Mr.  Reygadas  and  his  associates  in  March;  and  it  was  on  the  former 
that  Mr.  Palacios  succeeded  in  deciphering  the  Initial  Series  date  9.15.0.0.0 
4  Ahau  13  Yax,  the  only  one  thus  far  found  at  Etzna. 

Of  the  14  remaining  monuments,  3  (Stelae  5,  13  and  14)  had  fallen  with 
their  sculptured  faces  upward  so  that  most  of  their  relief  had  been  destroyed. 
This  left  11  monuments  (Stelae  1,  3,  4,  6,  7,  8,  9,  10,  12,  15  and  16)  which 
were  turned  over  to  show  their  sculptured  faces  by  the  Carnegie  Institution 
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Expedition  in  the  forenoon  of  Sunday,  May  15,  probably  the  greatest  number 
of  Maya  monuments  ever  exposed  at  one  time  to  the  light  of  day. 

The  Etzna  monuments,  with  the  single  exception  of  Stela  12,  are  sculptured 
on  one  face  only,  the  back  and  sides  being  dressed,  but  plain;  many  if  not  most 
of  the  stelae  have  rounded  tops.  The  commonest  subject  portrayed  is  a  large 
principal  figure  of  a  ruler  or  high  ranking  priestly  official  standing  upon  the 
back  or  the  stomach  of  a  very  obviously  inferior  captive.  This  subject  is 
portrayed  on  Stelae  1,  5,  7  and  11,  and  probably  upon  Stelae  2,  3,  4,  10,  13  and 
14  as  well,  although  the  effect  of  erosion  in  the  latter  group  makes  impossible 
certain  identification  of  the  respective  "captives." 

The  two  monuments,  Stelae  15  and  16,  that  formerly  stood  directly  in  front 
of  this  temple,  for  which  reason  they  are  probably  of  latest  date,1  show  a 
different  treatment.  The  former  is  divided  into  two  horizontal  panels,  the 
upper  presenting  the  principal  figure  with  some  sort  of  a  ceremonial  baton  in 
his  hands,  and  a  small  seated  human  figure  at  his  feet;  and  the  lower,  two 
smaller  human  figures  facing  each  other,  with  a  panel  of  glyphs  between  them. 
Stela  16  is  divided  into  three  horizontal  panels,  each  presenting  two  small 
human  figures  facing  each  other.  Above  there  seems  to  have  been  a  single 
row  of  glyphs.  Stela  1  at  Jaina,  also  in  the  State  of  Campeche,  possibly 
dating  from  9.11.0.0.0  12  Ahau  8  Ceh,  shows  a  similar  division  of  its  front  into 
three  horizontal  panels,  the  upper  one  occupied  by  four  seated  human  figures 
facing  the  center  two  on  each  side,  the  middle  by  a  larger  principal  figure  with 
smaller  ones  at  its  right  and  left,  and  the  bottom  one  by  a  single  human  figure. 

Stylistically  considered  the  two  most  important  monuments  at  Etzna  are 
Stelae  8  and  9 ;  indeed  so  unusual  is  their  treatment — the  nature  of  the  design 
and  its  arrangement — that  they  stand  in  a  class  by  themselves  without  close 
analogues  throughout  the  range  of  Maya  stelae. 

The  subject  portrayed  on  each  monument  is  a  pair  of  standing  human 
figures  back  to  back,  the  medial  vertical  axis  of  the  front  of  the  stela  passing 
between  them.  The  medial  vertical  axis  of  each  figure  coincides  with  a  front 
edge  of  the  plinth  in  such  a  way  that  half  of  each  figure  appears  on  the  adjoin- 
ing side.  A  slight  stylistic  improvement  is  noted  in  Stela  8  as  compared  with 
Stela  9.  In  the  latter  case,  although  half  of  the  upper  part  of  each  figure 
appears  on  the  adjoining  side,  both  legs  are  unnaturally  forced  on  to  the  front 
of  the  plinth,  giving  a  very  grotesque  twist  to  each  body.  In  Stela  8  this 
defect  has  been  remedied  by  the  very  naturalistic  device  of  permitting  the 
figure  simply  to  straddle  the  edge,  one  half  of  each  body  from  the  elaborate 
head-dress  to  the  sandle  appearing  on  the  front  of  the  plinth,  and  the  other 
half  in  each  case  on  the  adjoining  side. 

The  arrangement  and  length  of  the  inscriptions  on  Stelae  9  and  8,  also  show 
corresponding  development.  On  Stela  9,  there  is  a  single  band  of  5  glyph- 
blocks  across  the  top  of  the  front;  while  on  Stela  8,  the  inscription  begins  with 
a  single  glyph-block  at  the  top  of  the  left  side,  thence  passes  across  the  front 
in  4  glyph-blocks  and  finishes  at  the  top  of  the  right  side  with  another  single 
glyph-block. 

Concerning  the  dates  of  the  Etzna  stelae,  owing  to  the  fortunate  decipher- 
ment of  the  Initial  Series  on  Stela  2  by  Mr.  Palacios  of  the  Direction  of 
Archaeology,  at  least  one  date  is  surely  fixed  in  the  history  of  the  city.     In 

1  There  is  evidence  at  Piedras  Negras,  Naranjo  and  Quirigua,  where  the  sequence  of  the  hotun- 
markers  is  especially  long  and  unbroken,  that  the  latest  monument  in  each  plaza,  not  only  occupies 
the  most  important  position  in  that  particular  assemblage  of  monuments,  but  is  also  the  most 
beautiful.  Examples  of  this  are  Altar  1  at  Piedras  Negras;  Stela  32  at  Naranjo  and  Zoomorph 
P  at  Quirigua. 
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addition,  Dr.  Morley  found  two  other  Period  Ending  dates,  on  Stelae  5  and 
9.     The  three  known  dates  at  Etzna  are  as  follows : 


Stela  9 

9.11.17.0.0 

9  Ahau 

3  Mol 

circa  410  A. 

D. 

Stela  2 

9.15.  0.0.0 

4  Ahau 

13  Yax 

circa  472  A. 

D. 

Stela  5 

9.18.  0.0.0 

11  Ahau 

18  Mac 

circa  531  A. 

D. 

These  three  dates,  and  especially  the  second  one,  which  is  an  Initial  Series, 
fix  the  chronological  position  of  Etzna  as  extending  at  least  from  the  middle 
of  the  Middle  Period  of  the  Old  Empire  down  to  the  height  of  the  Great 
Period ;  and  its  geographical  position — far  north  of  the  center  of  the  Old  Em- 
pire region  (i.  e.  the  Department  of  Peten,  Guatemala)  as  clearly  indicates 
that  it  was  a  peripheral  and  correspondingly  provincial  city,  but  at  the  same 
time  of  no  mean  importance  in  the  world  of  its  day. 

Report  of  Monroe  Amsden  on  the  Muralla  Expedition 

The  ruins  of  La  Muralla  lie  about  50  miles  northwest  of  Uaxactun  and  10  or 
15  miles  south  of  the  Campeche  border,  in  a  section  of  the  Peten  forest  that  is 
almost  completely  unexplored.  They  were  discovered  by  a  negro  chiclero 
during  the  rainy  season  of  1925,  and  were  reported  by  him  to  Captain  Vans 
Agnew  of  the  P.  W.  Shufeldt  Company,  who,  accompanied  by  Enrique 
Shufeldt,  visited  the  ruin  in  the  autumn  of  the  following  year.  They 
remained  only  long  enough  to  fell  a  section  of  the  bush  on  the  north  side  of  the 
decorated  wall,  from  which  the  site  takes  its  name,  and  to  make  various 
sketches.  With  the  exception  of  a  few  chicleros  from  a  nearby  camp,  these 
were  the  only  persons,  so  far  as  is  known,  who  had  seen  the  place  previously  or 
had  even  known  of  its  existence. 

Water  in  this  region  is  quite  scarce,  and  the  presence  of  numerous  bajos 
makes  exploration  an  arduous  task,  even  under  the  most  favorable  circum- 
stances. The  fact  that,  during  the  three  and  a  half  days'  trip  from  Uaxactun 
to  La  Muralla,  the  Institution's  Expedition  met  not  a  single  person  on  the 
road,  nor  passed  a  single  inhabited  place,  is  significant  of  the  uninhabited 
condition  of  this  part  of  the  Peten  region.  Indeed  there  are  no  permanent 
settlements,  the  temporary  camps  of  the  chicleros  being  the  only  communities 
of  any  kind,  and  during  part  of  the  year  even  these  are  abandoned.  In  view 
of  such  conditions,  unless  systematic  exploration  is  undertaken,  discovery  of 
other  ruins  may  be  delayed  for  years. 

This  group  of  ruins,  of  which  the  wall  is  the  only  feature  of  extraordinary 
interest,  covers  an  area  of  perhaps  half  a  square  mile.  On  the  south  they  extend 
to  the  edge  of  a  natural  terrace  beyond  which  stretches  an  extensive  bajo. 
This  seems  to  run  west  for  several  miles,  while  east  of  the  city  it  turns  within  a 
short  distance  and  continues  north.  The  sloping  ground  forms  a  large,  rather 
low  promontory,  the  city  standing  upon  its  highest  point. 

Mr.  Amsden  accompanied  by  Captain  Vans  Agnew  reached  La  Muralla  on 
February  28,  and  the  first  work,  after  establishing  camp  on  a  terrace  near 
the  southern  base  of  the  wall,  below  which  there  is  a  very  good  aguada,  was  to 
fell  part  of  the  bush  in  the  plaza,  upon  one  side  of  which  the  wall  stands,  and 
to  build  a  scaffold  of  poles  from  which  to  take  photographs. 

The  site  consists  of  a  series  of  long,  low  mounds,  enclosing  small  plazas  with 
here  and  there  a  solitary  pyramid,  of  which  the  highest  rises  scarcely  more  than 
20  feet  above  the  ground  level.  All  architectural  details  excepting  the  wall 
have  disappeared.  No  stelae  nor  carved  stones  were  found.  Like  all  untouched 
Old  Empire  cities,  La  Muralla  lies  buried  in  dense  bush  which  has  rendered  it 
utterly  devoid  of  any  distinguishing  features,  except  in  contour. 


ARCHEOLOGY  267 

Whether  the  wall  served  originally  as  a  roof-comb  or  was  built  for  some 
other  purpose  can  not  be  determined  without  excavation.  Its  size  (58  feet 
long,  16  feet  high,  and  5.5  feet  thick  at  the  base)  would  apparently  indicate 
that  it  was  a  roof-comb ,  were  it  not  for  the  fact  that  the  mound  upon  which  it 
stands  is  no  higher  than  the  wall  itself,  which  would  make  the  floors  of  the 
rooms,  if  it  were  a  roof-comb,  at  or  near  the  level  of  the  floor  of  the  plaza. 
Since  the  mound  below  the  wall  is  very  little  wider  than  the  thickness  of  the 
wall  and  of  even  width  throughout  its  length,  it  is  difficult  to  see  how  it  can 
contain  rooms.    However,  the  superficial  evidence  is  inconclusive  either  way. 

In  construction,  the  wall  is  apparently  of  compact  rubble,  faced  with 
masonry  and  plastered  with  a  coating  of  stucco.  It  is  pierced  vertically  by 
openings  5  or  6  inches  in  width,  which  divide  it  into  nine  independent  blocks  of 
equal  size.  These  are  bound  together  by  three  horizontal  layers  of  stone 
about  6  inches  in  thickness,  cornices,  which  project  slightly  from  the  face  of 
the  wall,  dividing  each  face  into  27  separate  panels  and  the  ends  into  3  panels, 
each  course  or  horizontal  series  of  panels  being  narrower  than  the  one  below  it. 
Vestiges  of  a  fourth  course  can  be  seen  at  the  top,  but  it  has  been  badly  wrecked 
by  the  growth  of  vegetation. 

Of  these  four  horizontal  zones  of  decoration,  the  next  to  bottom  probably 
bore  figures  in  low  relief  on  alternate  panels,  the  intermediate  ones  having 
instead  single  figures  in  full  relief,  larger  than  life  size,  seated  cross-legged  upon 
the  projecting  cornice  and  tenoned  to  the  wall  for  support.  The  two  figures  on 
opposite  sides  of  the  second  block  from  the  east  have  more  elaborate  head- 
dresses of  feathers  which  fall  over  the  shoulders  and  seemingly  terminate  in 
conventionalized  serpents,  or  similar  figures,  in  the  panels  below  them. 
Against  the  fourth  panel  from  the  left  on  the  north  side,  in  the  next  to  bottom 
row,  sits  a  more  modestly  garbed  figure  in  a  lifelike  attitude.  In  the  third  is  a 
group  in  low  relief  composed  of  a  man,  arms  bound  with  a  rope,  kneeling  in  a 
posture  of  servility  while  a  second  figure  holding  the  rope  is  kicking  him. 

Another  scene  of  violence  is  depicted  in  the  third  panel  from  the  bottom  in 
the  first  block.  Here,  a  human  figure  lies  stretched  on  his  back  with  his  legs 
dangling  over  the  edge  of  a  low  bench.  Seated  at  his  head,  a  second  human 
figure  appears  ready  to  slit  his  throat  or  tear  open  his  breast  in  sacrifice.  The 
scene  in  the  panel  directly  below  is  more  felicitous.  Here  a  gaunt  simian 
figure  advances  on  tiptoe  with  its  long  arms  outstretched  toward  another, 
facing  it.  The  second  figure  has  an  abnormally  distended  abdomen,  and 
possibly  represents  a  pregnant  female.  Parts  of  other  figures  adhere  precari- 
ously to  the  surface  of  the  wall;  but,  excepting  a  highly  conventionalized 
serpent  at  the  northeast  corner,  they  are  mostly  fragmentary  and  lack  the 
interest  of  those  described. 

Mutilated  as  they  are  (the  face  of  every  human  figure  is  gone),  and  even 
though  covered  with  a  dark  lichenous  coat,  a  graceful  precision  of  execution 
is  plainly  seen  in  all,  giving  an  appearance  of  beauty  and  of  unusual  artistic 
merit.  Before  decay  and  the  forces  of  nature  began  their  work  of  destruction, 
and  painted  as  it  must  have  been  in  brilliant  colors,  this  wall  must  have  pre- 
sented a  scene  of  barbaric  splendor,  of  which  any  city,  Maya  or  modern,  might 
well  have  been  proud. 
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Jochelson,  Waldemar,  Museum  of  Anthropology  and  Ethnography  of  the 
Russian  Academy  of  Sciences,  Leningrad.  Research  Associate  in  Archx- 
ology. 

The  time  from  April  1,  1926,  to  July  1,  1927,  the  author  devoted  to  a  report 
on  his  archaeological  investigations  in  Kamchatka,  being  supported  by  a 
grant  of  the  Carnegie  Institution  of  Washington.  The  report  is  based  on  his 
fieldwork  conducted  in  Kamchatka  in  1910-1911  at  the  expense  of  the  Russian 
Geographical  Society  of  Petrograd  (now  Leningrad). 

The  archaeological  work  in  Kamchatka  had  shown  that  its  earliest  inhabit- 
ants were  neolithics  and  that  it  was  uninhabited  during  the  paleolithic  times. 
Geological  and  paleontological  data  seem  to  corroborate  the  author's  conten- 
tion. 

Before  starting  in  his  report  with  the  description  of  his  excavations  in 
Kamchatka,  a  substantial  review  on  the  prehistory  and  history  of  Siberia  and 
adjacent  countries  is  given.     Briefly  the  review  may  be  set  forth  as  follows. 

Paleolithic  sites  are  very  few.  The  greatest  number  of  Stone  Age  sites  are 
neolithic,  as  if  Siberia  were  sparsely  inhabited  during  the  Old  Stone  Age. 
While  a  dozen  paleolithic  sites  have  so  far  been  discovered  within  a  limited 
area,  numerous  neolithic  stations  have  been  reported  all  over  Siberia,  from  the 
Ural  Mountains  to  the  Pacific. 

Several  Bronze  Age  sites  have  been  discovered  in  Southern  Siberia.  The  two 
chief  Bronze  stations  were  located  in  the  countries  of  Minusinsk  and  Trans- 
baikalia. These  may  be  indirectly  connected,  as  it  is  shown  in  the  author's 
report,  with  the  Scythian  bronze  industry  to  the  west  and  the  Chinese  bronze 
production  to  the  east. 

There  is  reason  to  believe  that  in  some  Siberian  localities  there  was  no 
transitional  Bronze  period  between  the  Stone  and  Iron  Ages. 

While  no  traces  of  paleolithic  man  himself  were  discovered  in  Siberia,  many 
skeletal  remains  of  neolithic  man  were  found,  which  show  that  he  was  of  the 
dolichocephalic  type,  akin  to  the  European  Nordics. 

At  present  only  Mongoloid  peoples  form  the  native  population  of  Siberia. 
The  original  long-headed  Siberian  dwellers,  having  been  turkicized  or  mon- 
golized,  are  now  short-headed  and  have  other  Mongoloid  characteristics. 
They  form  five  branches:  Finno-Ugrians,  Samoyeds,  Turks,  Tungus  and 
Mongols  proper. 

As  remainders  of  an  old  stock  the  Yeniseans  and  Ainos  may  be  named, 
while  on  the  extreme  northeast  of  Asia  are  some  tribes  which,  by  their  af- 
finities to  the  American  aborigines,  may  be  called  Americanoids. 

The  relation  of  the  Siberian  tribes,  in  the  past  and  present,  to  the  population 
of  the  Caucasus,  Turkestan,  Mongolia,  China  and  Japan  is  also  discussed. 
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Garrison,  Fielding  H.,  Army  Medical  Museum,  Washington,  D.  C.  Prep- 
aration and  publication  of  the  Index  Medicus.  (For  previous  reports, 
see  Year  Books  Nos.  2-25.) 

Including  the  supplementary  No.  5  (June  1927),  volume  VI  of  the  Index 
Medicus  (1926-7)  comprises  some  71,840  references  on  1,796  pages,  as  against 
about  24,400  estimated  references  on  the  1,220  pages  of  volume  V  (1925). 
The  annual  Author  Index  of  volume  VI  covers  185  pages,  as  against  128 
pages  in  volume  V.  This,  the  terminal  volume  of  the  Third  Series,  is  there- 
fore the  largest  ever  published.  The  increase  in  bulk  of  material  is  due  to 
the  fact  that,  in  winding  up  the  series,  it  was  thought  fitting  and  proper  to 
include  in  the  final  volume  as  many  references  to  the  medical  literature  of 
1926  as  were  available  when  the  copy  of  the  terminal  number  was  sent  to 
the  printers,  in  the  spring  of  1927.  Prior  to  that  date,  arrangements  had 
already  been  made  by  the  authorities  of  the  Carnegie  Institution  of  Washing- 
ton, the  American  Medical  Association  (Chicago)  and  the  Surgeon  General's 
Office  (Washington)  for  the  fusion  of  the  Index  Medicus  (1879-1926)  with  the 
Quarterly  Cumulative  Index,  published  by  the  American  Medical  Association 
(1916-1926).  This  arrangement  went  into  effect  on  January  1,  1927,  and 
the  first  semi-annual  volume  (vol.  I)  of  the  new  journal  (the  Quarterly  Cumula- 
tive Index  Medicus)  has  appeared. 

Since  1916,  it  has  been  recognized  by  all  concerned  that  the  publication  of 
two  bulky  and  expensive  journals,  covering  much  the  same  material,  involved 
an  enormous  duplication  of  labor,  expense,  administration,  paper,  printer's 
ink  and  time  consumed  in  redaction  of  copy,  proof-reading  and  ultimate 
publication  and  distribution  of  the  two  journals.  The  contemplated  plan  of 
fusion,  interrupted  by  the  European  War  and  its  consequences,  seemed 
manifest  destiny.  Fusion  was  accomplished  under  the  following  conditions: 
The  new  journal  will  be  financed  jointly  by  the  Carnegie  Institution  of  Wash- 
ington and  the  American  Medical  Association.  The  indexed  material  will 
be  supplied  from  the  Libraries  of  the  American  Medical  Association  and  the 
Surgeon  General's  Office,  the  latter  covering  medical  periodicals  not  sub- 
scribed for  by  the  former.  New  medical  books  and  pamphlets  will  be 
catalogued  for  redaction  directly  from  domestic  and  foreign  trade  lists.  The 
Editorial  Board  comprises  the  editors  of  the  two  parent  journals.  The  larger 
policies  of  the  new  journal  will  be  controlled  by  an  Advisory  Board,  consisting 
of  Dr.  Ludvig  Hektoen  (for  the  American  Medical  Association),  Colonel 
James  M.  Phalen,  M.  C,  U.  S.  Army  (for  the  Surgeon  General's  Library) 
and  Dr.  George  L.  Streeter  (for  the  Carnegie  Institution  of  Washington). 

The  combined  journal  possesses  the  following  advantages:  (1)  It  indexes 
itself  alphabetically,  both  as  to  authors  and  subjects,  thus  dispensing  with 
the  cumbersome  and  expensive  Author  Index  of  the  Index  Medicus.  (2) 
The  subject  entries  are  brief  English  abstracts  of  the  actual  content  of  the 
articles  indexed,  without  reference  to  the  titles,  unless  accurately  descriptive 
and  not  otherwise  ambiguous,  obscure  or  misleading.  (3)  For  the  benefit  of 
foreign  research  workers,  the  author  titles  are  presented  in  full,  in  the  original 
languages,  with  the  exception  of  titles  in  Slavic,  Scandinavian  and  Oriental 
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languages,  which  are  given  in  English  translation.  (4)  The  quarterly  material 
is  cumulated  semi-annually  in  two  volumes,  dispensing  with  the  antecedent 
quarterly  numbers,  and  thus  saving  time  and  labor  by  necessitating  reference 
to  only  two  alphabetical  arrangements,  as  against  four  in  the  Index  Medicus 
of  1921-1926  and  twelve  in  the  volumes  for  1879-1920.  (5)  The  new  books 
and  pamphlets  of  each  trimester  and  semester  are  presented  apart,  by  authors 
and  subjects,  with  attached  prices  and  addresses  of  publishers.  There  follows 
a  list  of  abbreviations  of  medical  and  scientific  periodicals  indexed,  with  full 
titles  and  publishers.  Better  than  any  other  organization,  the  American 
Medical  Association  is  in  position  to  make  the  combined  Index  more  widely 
useful  and  continually  valuable.  The  subscription  lists  have  already  in- 
creased fourfold,  and  those  who  were  prime  movers  in  the  policy  of  fusion 
have  every  reason  to  believe  that  the  venture  was  well  taken  and  that  the 
foundations  of  the  new  periodical  have  been  well  and  truly  laid. 
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Castle,  W.  E.,  Harvard  University,  Cambridge,  Massachusetts.  Continua- 
tion of  experimental  studies  of  heredity  in  small  mammals.  (For  previous 
reports  see  Year  Books  Nos.  3-25.) 

Two  major  problems  are  involved  in  the  experimental  work  with  rabbits 
done  the  past  year.  One  is  concerned  with  the  question  whether  genes  borne 
in  the  chromosomes  are  involved  in  the  inheritance  of  racial  size  differences. 
For  several  years  past  we  have  been  engaged  in  synthesizing  a  large  race  and  a 
small  race  of  rabbits,  suitable  for  testing  this  question.  The  large  race  has 
an  adult  weight  about  four  times  as  great  as  that  of  the  small  race.  The 
large  race  also  possesses  four  independent  unit-characters  not  found  in  the 
small  race,  the  inheritance  of  which  characters  is  known  to  be  dependent 
upon  genes  borne  in  chromosomes,  since  they  show  the  phenomenon  of 
linkage.  If  chromosomal  genes  are  concerned  in  the  inheritance  of  size  dif- 
ferences, such  genes  also  should  show  linkage. 

We  have  now  completed  the  synthesis  of  the  large  and  small  races  required 
for  the  experiment,  have  produced  an  adequate  Fi  generation,  and  are  engaged 
in  producing  a  large  back-cross  generation  to  test  the  existence  of  genetic 
linkage  between  large  size  and  the  unit-characters  used  as  markers  of  four 
chromosome  pairs.  Extremely  large  and  extremely  small  races  differing  in  a 
larger  number  of  characters  are  not  at  present  available,  and  as  their  pro- 
duction is  a  slow  and  difficult  process,  it  will  not  be  undertaken  seriously 
unless  the  test  for  genetic  linkage  now  being  made  proves  inconclusive. 

The  other  chief  problem  of  our  work  with  rabbits  is  a  less  difficult  one  and 
it  is  hoped  will  be  fully  solved  within  the  next  year.  It  concerns  the  linkage 
relations  of  the  new  character  "castorrex"  mentioned  in  Year  Book  No.  25. 
This  is  a  unit-character  manifested  as  a  short  plush-like  coat  associated  with 
curved  and  shortened  vibrissse,  the  latter  recognizable  as  such  at  birth.  We 
desire  to  know  whether  the  gene  for  castorrex  is  located  in  the  same  chromo- 
some as  the  gene  for  any  other  known  unit-character  of  rabbits.  Experiments 
are  now  in  progress  which  will  shortly  make  this  clear. 

In  the  experiments  with  rats,  Dr.  H.  W.  Feldman,  as  National  Research 
Council  Fellow,  has  continued  his  studies  of  fertility  and  sterility  both  within 
the  species  Mus  norvegicus  and  in  crosses  between  M.  norvegicus  and  M. 
rattus.  Several  previous  investigators  have  found  this  cross  invariably  un- 
successful. Dr.  Feldman  has  secured  evidence  that  under  favorable  circum- 
stances normal  matings  can  be  induced  between  M.  norvegicus  females  and 
M.  rattus  males,  and  hybrid  embryos  may  be  produced,  but  for  some  reason 
these  embryos  die  and  are  either  resorbed  or  aborted  before  the  completion  of 
the  normal  gestation  period.  The  longest  continued  gestation  for  hybrid 
embryos  thus  far  observed  terminated  at  about  15  days,  whereas  a  normal 
gestation  should  continue  about  22  days.  Dr.  Feldman  will  continue  the 
investigation  at  the  University  of  Michigan  where  he  goes  next  year  as  in- 
structor in  zoology. 

Dr.  Gregory  Pincus  has  recently  completed  a  comparative  study  of  the 
chromosomes  of  the  two  species  of  rats  which  Dr.  Feldman  has  been  trying  to 
cross.    He  finds  that  they  differ  in  chromosome  number.    In  agreement  with 
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Dr.  Painter,  he  reports  that  M.  norvegicus  has  21  pairs  of  chromosomes,  but 
that  M.  rattus  has  only  20  pairs,  the  same  number  that  is  found  in  the  mouse, 
M .  musculus.  In  all  three  species  there  is  an  x-y  sex-chromosome  apparatus, 
as  found  by  Painter  in  various  mammals  studied  by  him. 

It  was  our  privilege  to  have  Dr.  Painter  in  the  laboratory  for  a  fortnight  in 
August  1926,  where  he  not  only  collected  material  for  rabbit  chromosome 
studies,  but  gave  helpful  criticism  and  advice  to  Mr.  Pincus  in  the  chromosome 
studies  which  he  then  was  undertaking.  Dr.  Painter  has  determined  definitely 
that  the  chromosome  number  is  the  same  (22  pairs)  in  large  and  in  small  races 
of  rabbits.  He  finds  that  the  egg  at  the  time  of  fertilization  is  not  different  in 
size  in  large  as  compared  with  small  races,  but  that  there  is  a  marked  difference 
in  the  size  of  the  embryos  as  early  as  9  days  after  fertilization,  and  that 
further  the  egg  of  a  small  rabbit  produces  a  much  larger  embryo  when  fer- 
tilized by  the  sperm  of  a  rabbit  of  the  large  race  than  when  fertilized  by  sperm 
of  its  own  small  race.  This  shows  that  racial  size  characters  are  influenced  by 
sperm  as  well  as  egg.  Dr.  Painter  will  shortly  present  for  publication  his 
interesting  observations  on  the  rabbit  embryos,  and  it  is  hoped  that  a  further 
and  more  intensive  study  of  the  subject  may  be  made  in  cooperation  with 
Dr.  Streeter  of  the  Department  of  Embryology. 

R.  C.  Robb  is  endeavoring  to  discover  by  what  mechanism,  endocrinal  or 
otherwise,  our  large  race  of  rabbits  grows  to  large  size.  In  connection  with 
the  comparative  study  of  the  endocrine  glands  of  the  large  and  small  races, 
we  are  indebted  to  Dr.  F.  S.  Hammett  and  the  Wistar  Institute  for  helpful 
cooperation. 

Dr.  L.  C.  Strong  has  continued  during  the  past  year  his  studies  on  the 
heredity  of  susceptibility  to  cancer  in  mice.  He  will  next  year  transfer  this 
work  to  the  University  of  Michigan  where  larger  facilities  will  be  available  for 
the  prosecution  of  his  studies. 

Dr.  W.  H.  Gates,  continuing  at  Baton  Rouge  some  experiments  begun  in 
this  laboratory,  has  discovered  a  new  case  of  genetic  linkage  in  mice,  between 
the  characters  short  ear  and  dilution.  The  linkage  is  so  close  that  no  cross- 
overs have  been  detected  in  over  1,200  progeny  of  F2  and  later  generations. 
Dr.  Feldman  with  a  smaller  number  of  observations  (over  200)  supports  the 
conclusion  of  Dr.  Gates,  that  very  close  linkage  exists  between  the  genes 
for  short  ear  and  dilution. 

There  are  now  known  for  the  mouse,  two  groups  of  autosomal  linked 
genes;  for  the  rabbit,  two;  and  for  the  norway  rat,  one.  For  mammals 
genetic  linkage  may  be  regarded  as  a  well-established  phenomenon,  with 
crossing-over  occurring  in  both  sexes. 

Crampton,  Henry  E.,  Barnard  College,  Columbia  University,  New  York, 
N.  Y.  Continuation  of  studies  on  the  variation,  distribution  and  evolution 
of  the  genus  Partula.  (For  previous  reports  see  Year  Books  Nos.  7-10, 
22-23.) 

Like  its  immediate  predecessors,  the  past  year  has  been  devoted  to  the 
study  of  the  species  of  Partula  inhabiting  Moorea,  an  island  of  the  Society  Group 
in  Polynesia.  All  material  has  been  measured,  the  biometric  work  has  been 
substantially  completed  and  a  considerable  portion  of  the  monograph  has 
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been  written.  It  is  expected  that  the  volume  will  be  ready  for  publication 
within  the  year. 

The  material  comprises  more  than  60,000  adult  individuals,  over  10,000 
partly-grown  snails  and  45,000  and  more  embryonic  young  dissected  out  of  the 
first-named.  These  collections  contain  representatives  of  the  associations  of 
56  major  valley  areas  of  Moorea  and  are  therefore  essentially  complete.  They 
have  been  taken  in  various  years  from  an  earlier  period  of  investigation,  1907 
and  1909,  to  a  later  period,  1919  to  1924.  In  their  entirety  they  are  compar- 
able with  the  species  known  to  Garrett  from  1861  to  1875,  while  the  length  of 
time  devoted  to  the  island  in  question  has  afforded  an  opportunity  to  com- 
pare the  latest  conditions  of  the  various  species  with  what  was  found  in 
1907  to  1909. 

Nine  distinct  species  are  analyzed,  of  which  only  three  were  known  prior  to 
the  present  intensive  investigations.  They  are  all  restricted  to  Moorea.  Some 
are  wide-spread,  others  are  very  sharply  localized,  while  still  others  are  inter- 
mediate as  regards  the  size  of  the  area  of  occupation.  Each  species  assists  in 
the  interpretation  of  some  other  species  or  variety. 

The  material  and  the  circumstances  of  the  investigation  are  such  that 
contemporaneous  as  well  as  less  recent  organic  changes  can  be  demonstrated. 
New  mutations  have  been  found  which  depart  from  their  progenitors  in 
various  ways,  notably  in  structural  respects  and  in  coloration.  Parallel 
mutations  have  been  produced  by  different  species. 

Abundant  biological  evidences  have  come  to  light  which  support  the  postu- 
late of  a  prior  land-mass  of  great  dimensions,  whose  relics  are  the  now-isolated 
"  high  "  islands  of  Polynesia.  In  conclusion,  the  facts  are  such  as  to  exclude  the 
hypothesis  that  environmental  influences  are  real  factors  of  varietal  and 
specific  differentiation. 

Harris,  J.  Arthur,  University  of  Minnesota,  Minneapolis,  Minn.  The  appli- 
cation of  mathematical  methods  to  biological  problems.  (For  previous 
report  see  Year  Books  24,  25.) 

The  following  is  a  statement  of  progress  on  projects  outlined  in  full  in 
previous  reports,1  of  papers  published  or  practically  completed  for  press  during 
the  year,  and  of  new  analytical  methods  introduced  to  meet  some  of  the  mani- 
fold problems  arising  in  the  treatment  of  biological  data.  These  paragraphs 
may  be  brief,  as  the  results  of  the  investigations  have  been  more  fully  de- 
scribed elsewhere.2 

I.  Physicochemical  Properties  of  Plant-Tissue  Fluids 

Field  studies  of  the  physicochemical  properties  of  the  tissue  fluids  of  plants 
growing  under  the  highly  varying  conditions  of  altitude,  topography,  insola- 
tion, temperature,  atmospheric  moisture,  soil  moisture  and  salinity  of  the 
Great  Basin  region  were  continued  during  the  summer  of  1926  with  the  assist- 
ance of  A.  B.  Allen,  Harold  M.  Barnett,  James  P.  Barton,  George  O.  Burr, 
Earl  Garrett  and  Vernon  Young.    Experimental  work  on  the  cereals  grown  on 

1  J.  Arthur  Harris.  Application  of  mathematical  methods  to  biological  problems.  Year  Book 
No.  24,  278-281,  1925;  No.  25,  293-304,  1926. 

2  J.  Arthur  Harris.      Activities  of  the  Department  of  Botany,    University  of  Minnesota,   1926. 
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dry  and  irrigated  soils  in  Utah  were  discontinued  for  the  summer  of  1926  in 
order  to  complete  the  analysis  of  data  already  collected. 

In  the  desert  region  of  southern  Arizona,  field  work  on  the  tissue  fluids  of 
desert  plants  and  on  the  physiology  and  genetics  of  Sea  Island,  Egyptian  and 
Upland  cotton  was  continued  during  the  summer  of  1926  with  the  cooperation 
of  Harold  M.  Barnett,  James  P.  Barton,  Charles  W.  Crane  and  Truman  A. 
Pascoe. 

These  investigations  have  included  the  prosecution  of  work  on  the  tissue 
fluid  properties  of  hybrid  plants  and  further  studies  of  the  differentiation  with 
respect  to  tissue-fluid  properties  of  morphologically,  physiologically  and 
genetically  differentiated  varieties,  such  as  the  remarkable  variety  Winesap, 
with  red  foliage,  and  the  Okra  Leaf  variety  with  deeply  incised  leaves,  and  the 
unbranched  Pima  variety.  In  addition  to  the  work  on  Gossypium,  preliminary 
determinations  have  been  made,  with  the  cooperation  of  Dr.  John  H.  Martin, 
on  the  tissue  fluids  of  a  number  of  the  botanically  highly  differentiated 
varieties  of  Sorghum,  which  notwithstanding  their  interesting  morphological 
and  physiological  diversities  have  received  very  little  attention  at  the  hands  of 
physiologists. 

The  work  of  the  year  on  Gossypium  has  fully  confirmed  the  prediction  made 
in  earlier  reports,  that  strains  differing  in  the  physicochemical  properties  of 
their  tissue  fluids  may  be  isolated  in  both  the  Egyptian  and  the  Upland 
types.  Such  strains  are  being  purified  by  inbreeding  for  further  physiological 
and  genetic  studies  of  tissue  fluid  properties. 

The  methods  used  in  the  investigation  of  the  relationship  between  the  con- 
centration of  the  soil  solution  (as  measured  in  terms  of  the  electrical  resistance 
of  the  saturated  soil  mass)  and  the  physicochemical  properties  of  the  leaf- 
tissue  fluids  of  Egyptian  and  Upland  cottons,1  have  been  extended  to  an  in- 
vestigation of  the  relationship  between  the  concentration  of  specific  ions  of 
the  soil,  particularly  chlorides  and  sulphates,  and  the  concentration  of  the 
same  ions  in  the  plant-tissue  fluids. 

Work  on  the  tissue-fluid  properties  of  host  and  parasite  has  been  continued. 
A  large  series  of  determinations  on  Cuscuta  growing  on  a  number  of  host 
species  shows  that  the  tissue  fluids  of  the  parasite  have  a  lower  osmotic  con- 
centration, specific  electrical  conductivity  and  chloride  content  than  those  of 
the  host.  The  results,  which  will  be  published  in  full  shortly,  are  of  interest 
in  confirming  the  findings  of  an  earlier  study  of  Cuscuta  growing  on  halo- 
phytic  hosts,  and  in  showing  that  the  relationships  which  have  been  demon- 
strated for  the  Loranthaceous  parasite  and  its  host  are  not  universal  for  para- 
sitic plants. 

II.  Application  of  Biometric  Methods  to  Agronomic  Problems 

Many  experiments  with  higher  plants  can  be  conducted  more  advantage- 
ously in  the  field  than  under  nominally  controlled  experimental  conditions. 
Because  of  the  multiplicity  of  factors  influencing  the  growth  of  plants  under 
such  conditions,  the  statistical  analysis  of  large  masses  of  data  is  essential  to 
the  interpretation  of  the  results.     Such  methods  must  ultimately  find  their 

]  J.  Arthur  Harris,  Relationship  between  the  concentration  of  the  soil  solution  and  the  physico- 
chemical  properties  of  the  leaf  tissue  fluids  of  Egyptian  and  Upland  cotton,  Jour.  Agr.  Res.,  vol. 
32,  605-647,   1926. 
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application  in  genetics  and  physiology  as  well  as  in  agronomy.  It  is  for  this 
reason  that  the  development  of  an  adequate  statistical  technique  for  dealing 
with  such  problems  has  been  repeatedly  emphasized  in  earlier  reports. 

A  theoretical  justification  for  the  substratum  heterogeneity  coefficient 
proposed  several  years  ago,  and  since  then  widely  applied  in  agronomic 
investigations,  has  been  provided  by  showing  that  straight-line  relationships 
exist  between  the  electrical  resistances  of  the  soils,  and  between  the  freezing- 
point  depression,  specific  electrical  conductivity  and  chloride  content  of  the 
tissue  fluids  of  the  plants  grown  on  associated  plots.1 

A  simple  method  of  eliminating  the  influence  of  symmetry  in  the  calculation 
of  intra-class  correlation  coefficients  from  moments  assuming  a  symmetrical 
surface  has  been  indicated.2 

A  high  degree  of  permanence  of  the  differences  between  the  plots  of  the 
experimental  tract  has  been  demonstrated  by  the  application  of  the  method 
of  inter-annual  correlation  to  data  covering  a  period  of  fifteen  years  and 
involving  a  larger  series  of  yields.3  Certain  exceptions  to  the  generally 
positive  inter-annual  correlations  are  referred  to  their  probable  physical  causes. 

During  the  year  special  attention  has  been  given  to  the  problem  of  the 
development  of  methods  suitable  for  the  analysis  of  the  problem  of  the  estab- 
lishment of  the  seedling  under  field  conditions.  It  has  been  generally  assumed 
in  the  past  that  a  test  of  the  viability  of  seeds  under  laboratory  conditions 
furnishes  an  adequate  criterion  of  their  capacity  for  the  production  of 
plants  in  the  field.  This  conclusion  can  not  be  accepted  without  ques- 
tion, since  a  group  of  factors  influences  the  establishment  of  the  seedling 
under  out-door  environment  which  do  not  surround  it  under  the  controlled 
conditions  of  the  laboratory.  The  problem  of  the  establishment  of  the  seed- 
ling is  not  merely  of  general  biological  interest  in  its  bearing  on  many  ques- 
tions of  natural  selection,  ecological  succession,  etc.,  but  may  be  of  high 
economic  importance.  The  problem  must  depend  for  its  solution  on  the 
detailed  investigation  of  a  number  of  factors — physical,  chemical,  physi- 
ological and  pathological.  Because  of  their  highly  complicated  nature,  many 
of  these  problems  may  be  best  attacked  by  biometric  methods.4 

Seedling  stand  may  vary  from  one  part  to  another  of  the  experimental  tract. 
Inspection  alone  is  not  adequate  to  determine  whether  the  observed  variability 
is  such  as  might  be  expected  from  random  sampling  from  a  population  with 
the  given  percentage  of  germination.  A  first  requirement  is,  therefore,  some 
criterion  of  the  deviation  from  a  random  distribution  of  an  observed  distribu- 
tion of  number  of  seedlings  produced  per  unit  area. 

If  the  frequency  distribution  of  the  number  of  seeds  germinating  or  surviv- 
ing up  to  a  given  stage  were  determined  solely  by  chance,  it  should  be  given 
by  the  terms  of  a  binomial  involving  the  probabilities  of  germination  and  of 
failure  of  germination  in  the  experimental  area  as  a  whole.     The  agreement 

3  J.  Arthur  Harris,  I.  L.  Connors,  A.  T.  Elders  and  L.  E.  Kirk,  On  the  regression  of  soil 
properties  and  crop  characters  in  associated  plots  of  an  experimental  field,  Minn.  Studies  in 
Biological  Sciences,  No.  6,  351-371,  1927. 

2  J.  Arthur  Harris,  On  the  elimination  of  symmetry  as  a  source  of  spurious  values  of  the  field 
heterogeneity   coefficient,  Minn.  Studies   in  Biological   Sciences,  No.  6,  343-350,  1927. 

3  J.  Arthur  Harris  and  C.  S.  Scofield,  Further  studies  on  the  permanence  of  differences  in  the 
plots  of  an  experimental  field. 

4  J.  Arthur  Harris,  Application  of  certain  statistical  criteria  to  the  problem  of  seedling  mor- 
tality, Proc.  Soc.  Exp.  Biol,  and  Med.,  vol.  24,  534-538,  1927. 
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of  the  observed  and  the  theoretical  distributions  may  be  tested  by  Pearson's 
X2  criterion,  by  using  Elderton's  table  for  testing  goodness  of  fit. 

These  methods  have  been  applied  to  a  series  of  germination  records  for  Sea 
Island,  Egyptian  and  Upland  cotton,1  secured  in  the  extensive  experimental 
work  of  the  past  four  years. 

The  large  values  of  x2  resulting  in  this  case  indicate  that  the  chances  of  the 
deviations  of  the  observed  from  the  theoretical  distributions  being  due  to 
random  sampling  are,  practically  speaking,  infinitesimal,  i.  e.,  they  indicate 
the  influence  of  some  factor  or  factors,  which  determine  deviations  from  a 
purely  random  distribution.  Since  in  experimental  work,  as  well  as  in  prac- 
tical agriculture,  it  is  desirable  to  obtain  an  adequate  stand  in  all  unit  areas 
with  the  minimum  expenditure  of  seed  and  time  in  thinning,  it  is  evident  that 
the  x2  test  furnishes  a  possible  criterion  for  the  selection  of  the  most  suitable 
planting  technique. 

While,  in  such  cases  as  the  above,  large  values  of  x2  are  indicative  of  a 
relationship  between  the  number  of  seedlings  produced  and  some  extrinsic 
factor  or  constellation  of  factors,  and  while  the  values  of  x2  and  P  furnish  a 
valid  criterion  of  the  statistical  significance  of  this  relationship,  they  do  not 
furnish  a  direct  quantitative  measure  of  the  said  relationship  in  mentally 
comprehensible  terms.  It  is  for  this  reason  that  an  extension  of  the  method 
of  intra-class  and  inter-class  correlation  has  been  proposed,2  to  include 
Pearson's  concept  of  the  equivalent  probability  correlation  coefficient. 

While  the  intra-class  and  inter-class  equivalent  probability  correlation 
method  is  widely  applicable  and  is  being  utilized  in  the  investigation  of  various 
problems  (such  as  the  individuality  of  mothers  with  respect  to  fecundity,  the 
differentiation  of  selected  groups  of  birds  with  respect  to  laying  activity,  and 
the  differential  distribution  of  fecundity  in  plants),  its  first  extensive  applica- 
tion has  been  made  to  the  problem  of  seedling  germination.3 

In  the  practical  application  of  this  method  the  frequency  distribution  of 
number  of  seedlings  per  unit  area  is  reduced  to  a  four-fold  table  of  association 
of  the  two  alternative  classes :  seeds  which  germinated  and  seeds  which  did  not 
germinate.  This  translation  is  effected  by  means  of  formulas  involving  the 
moments  of  the  original  frequency  distributions.  A  symmetrical  four-fold 
frequency  surface  is  utilized,  inasmuch  as  there  is  no  reason  for  regarding 
one  seed  as  a  first  and  another  as  a  second  variate.  The  deviation,  as  meas- 
ured by  x2  of  this  distribution  from  one  resulting  from  random  association 
can  be  readily  calculated.  The  degree  of  association  of  the  fates  of  seeds 
within  a  unit  area  is  then  determined  from  the  value  of  x2  f°r  the  four-fold 
table  of  intra-class  association  by  means  of  tables  prepared  by  Pearson  for 
ordinary  correlation  surfaces. 

Application  of  this  method  to  the  problem  of  the  localization  to  environ- 
mental influences  within  the  individual  hills  of  a  number  of  experimental 

1  J.  Arthur  Harris,  Geo.  J.  Harrison  and  F.  M.  Wadley,  Illustrations  of  the  application  of  a 
criterion  of  the  deviation  of  an  observed  from  a  random  distribution  to  the  problem  of  seedling  stand  in 
Sea  Island,  Egyptian  and  Upland  cotton.  Jour.  Agr.  Res. 

2  J.  Arthur  Harris  and  Marie  M.  Ness,  Determination  of  intra-class  and  inter-class  equivalent 
probability  correlation  coefficients  from  the  frequency  distributions  or  the  moments  of  the  alternative 
categories. 

3  J.  Arthur  Harris  and  Marie  M.  Ness,  On  the  applicability  of  iPearson's  equivalent  prob- 
ability r  method  to  the  problem  of  seedling  mortality  in  Sea  Island,  Egyptian  and   Upland  cotton. 
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plantings  made  for  genetic  investigations  shows  intra-class  equivalent  prob- 
ability correlation  coefficients  ranging  from  r  =  0.2635  to  r  =  0.7463. 

The  analytical  value  of  this  method  may  be  further  illustrated  by  its 
application  to  the  problem  of  field  heterogeneity,  as  this  has  been  understood 
in  the  past,  as  a  factor  influencing  seedling  stand.  Having  demonstrated  a 
marked  localization  of  the  factors  influencing  the  stand  produced  by  indi- 
vidual hills,  the  problem  naturally  arises  as  to  the  degree  of  localization  of  fac- 
tors which  influence  the  establishment  of  the  seedling  over  large  areas.  An 
application  of  suitable  methods  to  this  problem  will  give  results  quite  com- 
parable with  many  others  which  have  already  been  obtained  for  various 
plant  characters. 

Grouping  as  large  a  number  of  ultimate  units  as  one  may  choose  into  larger 
areas,  one  may  translate  the  frequency  distributions  of  number  of  seeds  germi- 
nating and  number  of  seeds  failing  to  germinate  per  plot  to  four-fold  tables  of 
association  of  the  alternative  categories  by  the  methods  indicated  above.  The 
intra-class  equivalent  probability  correlation  coefficients  obtained  with  the 
data  discussed  above,  when  plots  of  5,  9  and  10  hills  are  used,  indicate  cor- 
relations ranging  from  r  =  0.1517  to  r  =  0.4987.1  These  values  are  in  every 
case  considerably  lower  than  those  for  the  individual  hills. 

Realizing  that  the  correlation  for  the  fate  of  seeds  within  a  plot  is  in  part 
due  to  correlation  for  seeds  within  individual  hills,  a  further  refinement  is 
effected  by  determining  the  equivalent  probability  r  for  the  difference  of  the 
correlation  surfaces  for  plots  and  for  individual  hills.  Such  correlations  have 
been  designated  as  fractional  intra-class  coefficients.  In  our  present  case 
these  fractional  coefficients  range  from  r  —  0.0960  to  r  =  0.4491,  and  are  lower 
in  every  case  than  the  preceding  correlations. 

In  the  analysis  of  the  experimental  data  of  seedling  stand,  a  criterion  of  the 
differentiation  of  varieties  or  of  environmental  conditions  is  also  required. 
Some  method  of  comparison  which  takes  account  of  the  frequency  distribu- 
tions as  a  whole  is  desirable,  since  it  is  quite  possible  that  criteria  based  on 
means  and  standard  deviations  alone  may  be  inadequate.  We  have  shown 
that  Pearson's  double  %2  test  serves  both  purposes  admirably.2 

The  foregoing  methods  measure  merely  the  influence  of  a  complex  of  factors 
on  the  stand  produced  on  a  unit  area.  The  differentiation  and  measurement  of 
the  specific  variables  which  determine  seedling  stand  presents  a  problem  of 
considerable  difficulty.  It  seems  altogether  probable  that  under  various  con- 
ditions quite  different  factors  play  the  leading  role. 

In  the  case  of  a  plant  which  is  as  highly  tolerant  of  salinity  as  cotton,  it  has 
seemed  worth  while  to  determine  whether  the  salt  content  of  the  soil  may 
have  an  influence  in  determining  the  number  of  seeds  germinating  out  of  a 
constant  number  planted.  The  results  so  far  obtained  are  not  wholly  con- 
sistent, but  in  the  best  of  a  series  of  experiments,  it  has  been  shown 3  that  there 
is  a  positive  correlation  between  the  electrical  conductivity  of  the  soil  mass  and 
the  number  of  seedlings  establishing  themselves  per  hill.    Thus,  within  the 

1  J.  Arthur  Harris  and  Marie  M.  Ness,  Further  applications  of  Pearson's  equivalent  probability 
r  method  to  seedling  stand  in  Sea  Island,  Egyptian  and  Upland  cotton. 

2  J.  Arthur  Harris  and  others,  On  a  criterion  of  the  differentiation  of  varieties,  or  of  the  dif- 
ferentiation of  experimental  areas,  with  respect  to  capacity  for  the  production  of  seedling  stand  in  Sea 
Island,  Upland  and  Egyptian  cotton. 

3  J.  Arthur  Harris,  On  a  possible  relationship  between  soil  salinity  and  stand  in  cotton. 
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range  of  soil  salinities  considered,  the  more  saline  soils  produce  the  more 
perfect  stands.  This  finding  opens  up  a  number  of  problems  which  are  now 
under  investigation. 

Summarizing,  we  may  note  that  while  their  present  use  has  been  in  con- 
nection with  a  special  problem,  the  advances  in  methods  are  in  large  part  of 
general  applicability  in  biometric  work.  Specifically,  we  may  note  that:  (a) 
A  suitable  theoretical  expression  for  the  distribution  of  numbers  of  seedlings 
per  unit  area  of  the  experimental  surface  has  been  suggested,  (b)  A  suitable 
criterion  of  the  deviation  of  the  observed  from  the  theoretical  distribution  has 
been  indicated  and  applied  to  extensive  experimental  data,  (c)  The  theory  of 
intra-class  and  inter-class  correlation  has  been  extended  to  include  Pearson's 
concept  of  the  equivalent  probability  correlation  coefficient,  and  suitable 
formulas  to  translate  frequency  distributions  into  four-fold  tables  of  intra- 
class  or  inter-class  association  have  been  given,  (d)  The  value  of  these  methods 
has  been  demonstrated  by  their  application  to  the  problem  of  the  influence  of 
field  heterogeneity  on  seedling  stand,  (e)  A  criterion  of  the  differentiation  of 
varieties,  or  of  experimental  conditions,  with  respect  to  their  capacity  for  the 
production  of  seedling  stand  has  been  suggested  and  illustrated.  (/)  Corre- 
lations between  soil  salinity  and  seedling  stand  have  been  determined. 

III.  Fertility  and  Fecundity  in  the  Domestic  Fowl 

In  our  preceding  report  we  noted  the  differential  egg  production  associated 
with  death  before  the  end  of  the  first  laying  year  in  the  domestic  fowl,  and 
indicated  its  bearing  on  various  biological  problems.  At  that  time  conclu- 
sions were  based  on  the  monthly  egg  records  of  3,897  White  Leghorn  birds 
which  had  survived  throughout  the  first  laying  year  and  of  452  birds  which  had 
died  before  the  end  of  that  period.1 

These  results  have  been  fully  confirmed  during  the  past  year  by  studies  on 
smaller  series  of  records  for  other  breeds.2 

All  these  data  have  been  consistent  in  indicating  a  lower  average  egg  pro- 
duction and  a  higher  absolute  and  relative  variability  of  egg  production  of 
birds  which  subsequently  die  than  is  characteristic  of  otherwise  comparable 
birds  which  survive.  These  results  indicate  that  the  relationship  between  egg 
production  and  mortality  is  a  highly  complex  one,  involving  several  different 
factors. 

Further  investigations,  in  which  other  methods  of  comparison  have  been 
employed,  confirm  and  extend  these  conclusions.3 

IV.  Variation  and  Correlation  in  the  Newborn  Infant  of  Various  Nationalities 

These  investigations  have  been  continued  along  the  lines  indicated  in  some 
detail  in  the  preceding  report.  The  work  has  included  studies  on  the  dif- 
ferentiation of  the  two  sexes  at  birth  with  respect  to  both  type  and  variability, 

1  J.  Arthur  Harris,  Monthly  egg  records  of  birds  which  die  during  the  first  laying  year,  Poultry 
Science,  vol.  6,  1-8,  1926. 

2  J.  Arthur  Harris,  Further  studies  of  the  monthly  egg  record  of  birds  which  die  during  the  first 
laying  year,  Poultry  Science,  vol.  6,  215-224,  1927. 

3  J.  Arthur  Harris  and  Donald  C.  Boughton,  An  alternative  criterion  of  the  differentiation  of 
birds  which  die  antecedent  to  a  given  period  from  those  which  survive  throughout  the  year. 
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the  correlation  and  relative  variability  of  body  weight  and  body  length,  and 
the  correlation  of  length  and  weight  with  the  age  of  the  mother,  and  with 
birth  order  and  pregnancy  order.  Papers  on  these  subjects  and  on  the 
differentiation  of  various  nationalities  with  respect  to  body  weight  and 
length  *  and  of  cephalic  dimensions  are  in  press.  Studies  of  the  relation- 
ship between  gestation  period  and  the  characteristics  of  the  newborn  are  also 
under  way. 

V.  Methods  and  Miscellanea 

A  simplification  of  the  method  of  determination  of  the  moment  coefficients 
of  frequency  distributions  about  the  mean  as  origin  has  been  indicated.2 
An  alternative  routine  of  calculating  the  product  moment  correlation  coeffi- 
cient has  been  proposed,3  which  has  practical  advantages  in  certain  cases, 
and  serves  to  show  the  flexibility  of  the  correlation  method. 

A  limitation  in  the  applicability  of  the  contingency  coefficient  has  been 
noted  4  In  certain  special  cases,  in  which  the  magnitude  of  one  variable  is  a 
limiting  value  of  the  other,  a  spurious  value  of  the  contingency  coefficient 
may  be  obtained,  since  the  conventional  theory  assumes  contributions  to  cells 
of  the  surface  which  physically  can  not  be  filled.  Two  procedures  are  sug- 
gested whereby  all  the  theoretical  frequencies  are  concentrated  into  permis- 
sible cells  and  the  total  frequency  remains  unchanged.  First,  the  total 
theoretical  frequencies  allocated  to  physically  void  cells  by  the  usual  contin- 
gency procedure  are  redistributed  among  cells  which  may  contain  them,  in 
proportion  to  the  values  already  contained  therein.  Second,  the  total 
frequency  allocated  to  void  cells  within  an  array  is  distributed  among  the 
remaining  cells  of  that  array  in  proportion  to  values  already  contained  in 
them.  Both  methods  are  unsatisfactory  theoretically  in  that  the  summed 
frequencies  of  arrays  for  one  variable,  or  for  both,  must  fail  to  agree  with 
those  of  the  original  distribution.  Practically,  however,  both  methods  give 
excellent  agreement  with  the  product  moment  correlation  coefficient  in  the 
specific  case  tested. 

Attention  has  again  been  called  to  the  dangers  of  relying  on  the  conven- 
tional formula  for  the  probable  error  of  the  standard  deviation  in  cases  in 
which  critical  comparisons  of  variability  are  to  be  made.5 

1  J.  Arthur  Harris,  Length  and  weight  of  the  newborn  infant  of  various    nationalities. 

J.  Arthur  Harris  arid  W.  P.  Covell,  Biparietal  and  occipito-frontal  dimensions  of  the  head  of 
the  newborn  infant  of  various  nationalities. 

J.  Arthur  Harris  and  W.  P.  Covell,  Correlation  behveen  the  occipito-frontal  and  biparietal 
dimension  of  the  head  and  body-weight  and  body-length  in  the  newborn  infant. 

J.  Arthur  Harris,  Influence  of  the  age  of  the  parents  and  of  pregnancy  order  and  birth  order  on  the 
characteristics  of  the  newborn  infant. 

2  J.  Arthur  Harris,  Calculation  of  moments  about  the  mean  as  origin,  Jour.  Amer.  Stat.  Ass., 
vol.  22,  75-78,  1927. 

3  J.  Arthur  Harris,  An  alternative  method  of  determining  correlation  coefficients  from  correlation 
surfaces. 

4  J.  Arthur  Harris  and  Alan  E.  Treloar,  On  a  limitation  in  the  applicability  of  the  contingency 
coefficient. 

5  J.  Arthur  Harris  and  Marie  M.  Ness,  A  note  on  the  probable  error  of  the  standard  deviation. 
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Longley,  W.  H.,  Goucher  College,  Baltimore,  Maryland.     Preliminary  report 
of  observations  upon  fishes  of  the  Pacific  Ocean  and  East  Indies. 

For  invaluable  assistance  in  achieving  the  result  desired  in  the  study  of  the 
reef  fishes  of  the  tropical  Pacific  and  East  Indies,  I  am  deeply  indebted  to 
friends  in  each  of  the  localities  visited. 

I  recall  gratefully  the  kindness  of  George  P.  Cooke,  Esq.,  of  Honolulu,  for 
letters  of  introduction  to  0.  B.  Lightfoot,  manager  of  Mr.  Cooke's  Mapulehu 
Farm  at  Pukoo,  Molokai,  and  the  hospitality  with  which  I  was  entertained  by 
Mr.  and  Mrs.  Lightfoot  during  my  two-weeks  stay.  In  Pago  Pago,  I  was 
greatly  aided  by  Captain  H.  F.  Bryan,  U.  S.  A.,  Governor  of  American  Samoa, 
and  by  members  of  his  staff.  In  Sydney  I  received  many  favors  at  the  hands 
of  Dr.  D.  C.  Anderson,  Director  of  the  Australian  Museum,  and  Mr.  Gilbert 
Whiteley ,  Curator  of  Fishes,  as  a  result  of  which  I  was  able  to  make  a  much  more 
effective  attack  upon  my  problem  in  the  Indies.  For  a  letter  of  introduction 
to  representatives  of  Her  Majesty's  Government  in  the  Netherlands  Indies, 
I  am  under  great  obligation  to  Jonkheer  van  Asch  van  Wyck,  Charge 
d'Affaires  of  the  Royal  Netherlands  Legation  in  Washington.  The  spirit  of 
helpfulness  encountered  during  my  stay  in  the  East  was  unfailing,  and 
nowhere  better  exemplified  than  in  the  person  of  Mr.  R.  Bos,  Collector  of 
Customs  in  Banda,  who  freely  placed  his  wide  knowledge  of  local  conditions  at 
my  disposal  and  constituted  himself  my  trusted  adviser. 

Field  studies  of  the  habits  of  fishes  were  undertaken  at  Pukoo,  Pago  Pago, 
Amboina  and  Banda  for  periods  of  two,  nine,  one  and  eight  weeks  respectively. 

While  the  Hawaiian  fish  fauna  is  rich,  interesting  and  most  accessible  from 
America,  the  islands,  in  summer  at  least,  do  not  lend  themselves  as  well  as 
others  to  the  sort  of  work  I  attempted.  The  clear  water  on  their  windward 
shores  is  too  rough  and  on  their  lee  shores  the  sea  is  for  the  most  part  too 
turbid.  The  harbor  of  Amboina  is  also  a  relatively  unsatisfactory  place  for 
working  with  the  diving  hood.  Though  its  head  is  miles  removed  from  the 
entrance,  its  axis  is  almost  straight,  and  with  even  a  light  breeze  from  the 
exposed  quarter  the  water  is  soon  roiled  along  the  shores  where  corals  and 
fishes  most  abound.  Pago  Pago  harbor,  highly  irregular  in  shape,  is,  however, 
in  all  ordinary  weather,  in  at  least  some  of  its  many  lesser  bays,  relatively 
clear  and  calm.  Clear  calm  water  too  is  almost  always  to  be  found  in  some 
parts  of  the  sheltered  straits  between  the  Banda  Islands.  The  fish  fauna  of 
Pago  Pago — and  that  of  Banda  even  more — seems  greatly  to  exceed  the 
West  Indian  in  point  of  numbers,  but  the  submarine  topography  in  Samoa 
certainly,  and  probably  in  Banda,  is  not  as  well  suited  for  work  under  water 
as  are,  for  example,  the  broad,  shallow  banks  about  the  Tortugas  Labora- 
tory of  the  Carnegie  Institution. 

To  collect  fishes  was  not  a  part  of  my  program,  but  until  the  large  collec- 
tion actually  made  has  been  carefully  studied  for  the  purpose  of  checking  the 
field  identification  of  species  whose  habits  were  the  subject  of  my  investiga- 
tion, it  is  difficult  to  give  more  than  a  very  general  indication  of  the  results 
obtained.  About  125  species,  which  is  perhaps  no  more  than  one  quarter  of 
the  Hawaiian  fish  fauna,  were  observed  at  Pukoo;  about  350  in  Pago  Pago 
and  450  in  Banda.  Some,  of  course,  are  in  duplicate,  few  only  in  triplicate 
in  the  several  places,  but  with  all  necessary  deductions  perhaps  800  distinct 
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species  remain,  between  which  and  the  200  or  225  species  usually  to  be  had  at 
Tortugas  comparison  may  be  instituted. 

Pago  Pago  harbor  yielded  nearly  100  species,  largely  gobies  and  blennies, 
not  observed  in  1918.  The  discoveries  include  probably  few  species  new  to 
science,  but  about  40  not  previously  known  from  Samoa.  Many  of  them 
occur  in  the  East  Indies.  A  number  of  species  described  from  Samoa,  and 
not  hitherto  reported  elsewhere,  were  also  collected  in  Banda,  so  the  Poly- 
nesian fish  fauna  is  both  more  like  the  East  Indian  and,  by  comparison,  less 
impoverished  than  has  been  supposed. 

Following  a  clue  obtained  at  Tortugas  in  the  summer  of  1926,  the 
nesting  sites  of  18  species  of  Pacific  pomacentrids  and  11  blennies  were  dis- 
covered. In  the  first  family,  genera  represented  are  Pomacentrus,  Abudefduf, 
Chromis  and  Dascyllus;  in  the  second,  Alticus  and  Petroscirtes.  In  the 
greater  number  the  eggs  are  deposited  in  sheltered  places — shells,  worm 
tubes,  mollusk  borings  or  other  holes  in  the  coral — but  some  are  laid  on  dead 
coral  surfaces  fully  exposed.  In  all  species  here  referred  to,  the  eggs  are 
guarded  till  hatching  and,  it  seems,  by  the  male  fishes  exclusively.  In  several 
genera  interesting  details  of  the  mating  process  were  observed.  More  or 
less  pronounced  sexual  dimorphism  in  color  or  structure  is  common,  very 
much  more  common  than  in  fishes  in  general.  To  investigate  the  subject 
further  would  be  interesting.  Perhaps  the  most  interesting  phase  of 
the  matter,  however,  is,  that  to  discover  the  breeding  sites  helps  to  tie  the 
different  species  down,  so  to  speak,  to  ranges  which  apparently  are  peculiar 
to  each.  With  these  ranges,  that  are  gradually  becoming  more  nearly  capable 
of  definition,  the  coloration  of  the  species  seems  clearly  correlated. 

The  outstanding  scientific  experience  of  my  nine  months  consisted  in  seeing 
for  the  first  time  on  a  broad  scale,  under  field  conditions,  the  problem  of  species 
in  relation  to  geographical  distribution.  There  is  much  evidence  to  suggest 
that  such  differences  in  color  as  separate  the  related  species  of  one  region  are 
correlated  with  the  distribution  of  different  forms  and  tend  to  serve  them  by 
concealing  them  under  the  conditions  in  which  they  live.  But  smaller 
differences,  in  quality  and  constancy  similar  to  those  marking  generally 
accepted  species,  distinguish  those  forms  of  adjacent  regions  variously  con- 
sidered species  or  geographical  races. 

If  it  be  granted  then,  for  the  sake  of  argument  if  no  more,  that  these  differ- 
ences of  lower  order  persist  without  reference  to  their  biological  fitness,  and 
that  it  is  also  true  that  fitness  is  apparent  in  the  greater  specific  differences 
already  referred  to,  two  tentative  conclusions  may  be  drawn.  First,  natural 
selection  is  an  important  factor  in  evolution;  second,  differences  of  "selective 
value,"  in  respect  to  magnitude,  lie  between  those  distinguishing  related 
species  of  a  single  region  and  those  others  that  distinguish  the  more  closely 
related  species  of  adjacent  regions. 

Mann,  Albert,  Washington,  District  of  Columbia.  Continuation  of  investiga- 
tions and  preparations  for  publication  of  results  of  work  on  Diatomaceoe. 
(For  previous  report  see  Year  Books  Nos.  18-25.) 

Paul  S.  Conger,  assistant  in  the  diatom  laboratory,  after  spending  the 
month  of  June  1926  at  the  Tortugas  Laboratory  of  the  Carnegie  Insti- 
tution, went  immediately  to  Woods  Hole,  Massachusetts,  where  five  weeks 
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were  devoted  to  carrying  forward  the  collecting  and  study  of  the  diatoms  of 
that  region,  a  line  of  research  now  in  its  tenth  year,  being  therefore  the  longest 
consecutive  work  of  this  character  done  along  our  Atlantic  seaboard.  In- 
cluded in  this  period  was  the  second  year's  experiment  of  distributing  diatom 
material  rich  in  living  forms  in  localities  along  the  coast  that  are  low  in 
microorganic  life;  the  purpose  being  to  discover  a  means  of  marine  aquiculture 
by  which  the  feeding  resources  of  the  coast  can  be  improved  for  commercially 
valuable  fish-life. 

While  at  Woods  Hole,  two  meetings  were  held  by  the  circle  of  Cooperating 
Microbiologists,  started  a  year  ago,  at  which  plans  were  worked  out  for  future 
activity.  The  organization  appears  to  be  a  very  desirable  one,  but  its  real 
usefulness  is  as  yet  undetermined.  The  ensuing  year  will  decide  whether  or  not 
the  members  will  carry  into  effect  the  plans  agreed  upon.  Mr.  Conger  and 
Dr.  Mann  attended  this  meeting. 

A  subsequent  meeting  was  held  in  December  in  conjunction  with  that  of  the 
American  Association  for  the  Advancement  of  Science  at  the  University  of 
Pennsylvania,  at  which  the  writer  gave  an  illustrated  lecture  on  the  food  value 
of  bottom  diatoms. 

Mr.  Conger  again  joined  the  scientific  workers  at  the  Tortugas  Laboratory, 
arriving  on  June  5,  1927,  and  about  60  diatom  samples  were  secured.  On  his 
return  trip  he  made  collections  in  the  vicinity  of  Tampa,  Florida,  as  these 
were  needed  for  comparison  with  the  Gulf  of  Mexico  diatom  flora  being  studied 
in  the  Tortugas  area.    He  left  for  the  Woods  Hole  work  on  July  1. 

In  August  1926,  Mr.  Conger  went  from  Woods  Hole  to  Trout  Lake,  Wis- 
consin, and  worked  with  Professor  C.  Juday  in  order  to  become  familiar  with 
the  methods  of  fresh-water  biological  research  developed  by  Dr.  Juday.  This 
was  followed  by  three  days  at  the  University  of  Wisconsin  with  Dr.  E.  A. 
Birge  in  observing  the  laboratory  treatment  of  the  collected  material. 

Some  further  work  has  been  done  in  the  systematic  study  of  south  polar 
material  collected  by  the  Australasian  Expedition  and  the  Shackleton 
Expedition;  and  a  visit  from  Sir  Douglas  Mawson,  who  headed  the  former, 
has  resulted  in  arrangements  for  publication  and  the  promise  of  additional 
material  from  that  remote  territory. 

The  diatom  collection  made  by  the  Arcturus  Expedition  under  Dr.  Wm. 
Beebe  is  being  prepared  for  study;  the  first  sample,  now  under  examination, 
has  already  furnished  about  160  species,  several  of  them  new. 

Some  100  samples  of  fresh- water  diatom  material  from  British  Columbia 
have  been  received  from  Dr.  W.  R.  Taylor,  of  the  University  of  Pennsylvania, 
which  this  laboratory  has  agreed  to  investigate. 

Work  has  been  begun,  in  cooperation  with  Dr.  Jones  of  the  pure-food 
laboratory  of  the  U.  S.  Bureau  of  Chemistry,  in  a  study  of  Chesapeake  Bay 
oysters  to  determine  the  annual  fluctuations  of  the  vitamins  they  contain,  and 
which  it  is  believed  are  largely  correlated  with  the  fluctuations  of  the  diatoms 
on  which  they  feed.  A  new  technique  is  being  worked  out  for  this  difficult  and 
important  problem  of  quantitative  research. 

A  report  has  been  published  by  the  U.  S.  Geological  Survey  on  a  fossil  plant 
deposit  near  Spokane,  Washington,  by  the  late  F.  H.  Knowlton,  included  in 
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which  is  a  report  by  the  writer  on  the  fossil  diatoms — The  Fossil  Diatoms  at 
Spokane — consisting  of  the  text  and  two  quarto  plates. 

Arrangements  have  been  made  with  Dr.  David  Fairchild  of  the  Department 
of  Agriculture  to  investigate  the  diatom  material  collected  on  a  cruise  along 
the  west  coast  of  Africa,  now  going  on  under  his  direction.  The  microflora  of 
this  vast  region  is  practically  unknown. 

Approximately  80  samples  of  diatom  material  from  Chesapeake  Bay  have 
been  received  from  Dr.  R.  P.  Cowles  of  Johns  Hopkins  University,  Baltimore, 
Maryland,  collected  during  a  biological  survey  by  the  U.  S.  Bureau  of  Fisheries 
SS.  Fish  Hawk.     These  are  to  be  studied  and  a  report  made. 

A  remarkably  rich  diatom  flora  from  Colombo,  Ceylon,  has  been  studied, 
the  material  having  been  obtained  through  Captain  Ault  from  the  anchor 
cable  of  the  ship  Carnegie  and  which  has  been  stored  on  board  since  July  1920. 
A  large  number  of  specimens  confirmatory  of  new  species  reported  by  the 
writer  in  Diatoms  of  the  Philippine  Islands  (1925)  were  rediscovered  in  this 
uniquely  preserved  material. 

A  study  of  molasses  sediment  was  made  to  determine  by  means  of  diatoms 
whether  or  not  dilution  with  sea-water  took  place  during  voyages  from  Cuba 
to  Wilmington,  Delaware,  the  chemist  of  the  alcohol  works  of  the  DuPont  de 
Nemours  Company  having  found  that  chemical  detection  was  impossible. 
The  dilution  was  proved  to  have  occurred.  Twenty  photographs  of  diatoms 
were  supplied  to  that  company  as  designs  for  ornamentation  of  some  of  their 
products. 

Correspondence  on  diatoms  and  twelve  lantern  slides  were  made  for  the 
Isaak  Walton  League  of  America,  for  use  in  research  and  propaganda  on  the 
food  of  game  fishes. 

A  report  was  made  on  plankton  diatoms  collected  along  the  coast  of  Labra- 
dor, by  Columbus  Iselin  II.  A  report  was  also  made  on  marine  diatom 
material  from  Panama  sent  by  D.  P.  Fuge,  Shipley,  England. 

A  fossil  diatom  deposit  found  at  Moreno,  California,  was  studied  and  a 
report  made,  accompanied  with  about  80  specially  prepared  slides,  to  the 
discoverer,  Dr.  G.  Dallas  Hanna,  of  the  California  Academy  of  Sciences.  At 
the  request  of  Dr.  B.  W.  Evermann,  in  charge  of  that  institution,  a  review  of 
the  manuscript  report  on  the  Moreno  deposit  was  made,  as  also  on  a  published 
report  by  the  same  author  on  a  fossil  deposit  found  at  Maria  Madre  Island, 
Mexico. 

A  large  number  of  diatom  studies,  not  here  enumerated,  has  been  made 
upon  request,  the  total  of  which  is  somewhat  in  excess  of  preceding  years. 
These  services,  and  the  growing  volume  of  correspondence  involved,  are  over- 
taxing the  capacity  of  the  diatom  laboratory.  The  writer  has  always  held  it 
to  be  obligatory  to  meet  reasonable  requests  for  diatom  information  from 
outside  parties;  but  of  necessity  there  is  a  certain  amount  of  clerical  and  other 
routine  work  involved  which  cuts  down  the  efficiency  of  the  scientific  work  and 
which  thereby  is  costing  the  Institution  an  outlay  that  is  excessive  for  that 
class  of  service.  A  study  of  the  past  year's  scientific  output  and  an  estimate  of 
some  valuable  research  not  yet  finished  or  not  begun  give  emphasis  to  this; 
but  at  the  present  time  the  writer  sees  no  satisfactory  remedy. 
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Morgan,  T.  H.,  A.  H.  Sturtevant  and  C.  B.  Bridges,  Columbia  University, 
New  York.  The  constitution  of  the  germ  material  in  relation  to  heredity. 
(For  previous  reports  see  Year  Books  Nos.  15-25.) 

The  following  report  for  the  current  year  deals  largely  with  the  study  of 
unusual  genetic  situations  that  have  been  found  in  many  cases  to  be  correlated 
with  alterations  in  the  chromosomal  mechanism. 

For  the  study  of  many  genetic  problems  it  is  important  to  work  with 
material  that  is  known  to  be  homozygous  either  for  all  the  genes  or  for  those 
in  certain  chromosomes.  Stock  homozygous  for  a  particular  X-chromosome 
can  be  obtained  in  two  generations.  A  male  with  the  chromosome  in  ques- 
tion is  mated  to  an  attached-X  female.  All  the  sons  will  receive  this  chromo- 
some. Any  one  of  these  males  mated  to  a  female  with  the  chromosome  com- 
bination C1B  (C  =  crossing-over  suppressor  for  X;  1  =  lethal  for  any  sons; 
B  =  dominant  sex-linked  Bar)  will  produce  Bar  daughters  heterozygous  for 
the  given  chromosome.  These  daughters,  mated  to  males  like  the  father  or 
grandfather,  will  give  non-bar  daughters  and  all  sons  carrying  the  desired 
X-chromosome. 

For  chromosome  II,  a  male,  heterozygous  for  the  particular  second  chromo- 
some and  carrying  a  dominant  such  as  Lobe2  in  the  other  II-chromosome, 
is  mated  to  Curly  females.  Curly  is  a  dominant  associated  with  a  crossing- 
over  suppressor  for  the  left  limb  and  another  for  the  right  limb  of  this 
chromosome.  The  Curly  not-lobed  offspring,  bred  together,  will  give  the 
desired  homozygotes  in  all  the  not-curly  offspring. 

For  chromosome  III,  a  combination  is  made  up  of  the  dominant  mutant 
Deformed  and  a  crossing-over  suppressor  for  the  left  end  and  another  for  the 
right  end  of  chromosome  III.  The  procedure  is  the  same  as  above  for  chromo- 
some II,  using  Deformed  instead  of  Curly. 

By  using  the  above  stocks  simultaneously  (namely,  attached-X,  C1B, 
Curly  and  Deformed  with  suppressors)  a  stock  completely  homozygous  with 
respect  to  chromosomes  I,  II  and  III  may  be  obtained  in  three  generations 
without  selection  of  the  usual  prolonged  type. 

The  work  on  genetic  modifiers  of  crossing-over  has  continued.  It  is  of 
importance  both  on  its  own  account  in  connection  with  the  various  mechan- 
isms producing  it  and  on  account  of  its  bearing  on  the  mechanism  of  crossing- 
over. 

For  example,  further  studies  with  cross-over  reducers  have  shown  that  the 
CIIIR  described  by  Payne  is  due  to  an  inversion  of  a  section  that  includes 
the  cardinal  locus  but  does  not  include  Stubble  or  rough.  This  demonstra- 
tion was  made  possible  through  the  discovery,  by  Mr.  Shlaer,  that  orange  eye- 
color,  previously  reported,  is  allelomorphic  to  cardinal.  Earlier  experiments 
had  shown  that  the  CIIIR  present  in  the  orange  chromosome  is  allelomorphic 
to  Payne's  CIIIR. 

Several  other  CIIIR's  have  also  been  found  to  be  allelomorphic  to  the  Payne 
one,  including  a  number  found  in  wild  stocks.  The  geographical  range  of  this 
inversion  includes  Connecticut,  Porto  Rico,  Texas  and  the  state  of  Washing- 
ton. 

If  single  crossing-over  occurs  within  an  inverted  section,  chromosomes  must 
be  produced  that  have  one  end  represented  twice,  the  other  end  not  at  all. 
Such  chromosomes  are  not  capable  of  producing  viable  diploid  zygotes. 


BIOLOGY  285 

Experiments  carried  out  last  winter  with  the  Payne  and  "ebony"  CIIIR's 
have  indicated  that,  for  these  cases  at  least,  such  chromosomes  also  produce 
inviable  triploid  zygotes. 

The  phenomenon  of  unequal  crossing-over  at  the  Bar  locus  has  been  further 
studied.  It  appears  that  such  unequal  crossing-over  interferes  with  crossing- 
over  in  the  neighboring  garnet  forked  interval,  just  as  does  the  usual  type  of 
equal  crossing-over.  It  was  formerly  suspected  that  reverted  bar,  which  is 
due  to  complete  loss  of  the  Bar  locus  through  unequal  crossing-over,  had  an 
effect  on  facet  number  different  from  that  of  the  allelomorph  present  in  wild- 
type  stocks.  More  extensive  experiments  have  now  led  to  the  conclusion 
that  no  such  difference  exists.  Reverted-bar  may  be  considered  as  a  defi- 
ciency; it  might  therefore  be  expected  to  prevent  crossing-over  between  the 
two  components  of  double-bar  in  females  of  the  constitution  double-bar  over 
reverted-bar.  Experiments  show  that  reverted-bar  actually  does  not  suppress 
such  crossing-over.  These  last  two  experiments,  indicating  that  reverted  bar 
is  indistinguishable  from  the  wild-type,  suggest  that  ordinary  not-bar  stocks 
have  no  allelomorph  present  in  the  Bar  locus. 

Up  to  the  present  time  the  genetic  modifiers  of  crossing-over  of  marked 
effect  have  been  suppressors  of  crossing-over.  An  enhancer  of  crossing-over 
for  the  third  chromosome  was  found  in  1926  by  Bridges  in  working  with  a  new 
allelomorph  of  Delta,  viz.  A4.  The  chromosome  containing  A4  was  observed 
to  give  approximately  twice  the  normal  amount  of  crossing-over  in  the  region 
followed,  from  Dichsete  to  ebony,  and  multiple  crossing-over  was  also  much 
higher  in  frequency.  Detailed  study  of  this  enhancer  is  being  made  by 
H.  D.  Fish. 

A  new  corresponding  gene  in  simulans  is  Truncate.  The  sequence  in  chro- 
mosome II  is  Truncate  black  arc — as  in  melanogaster.  The  simulans  map  is 
probably  longer  than  that  of  melanogaster. 

The  peculiarity  of  the  sex-linked  recessive  mutant  bobbed,  namely  that  the 
character  does  not  show  in  the  male  in  the  pure  stock  of  bobbed,  has  been 
shown  by  Stern  to  be  due  to  the  presence  of  the  normal  allelomorph  of  bobbed 
in  the  normal  Y-chromosome.  Recently  a  Y-chromosome  has  been  found  in 
which  a  mutant  recessive  allelomorph  of  bobbed  had  arisen  by  mutation. 
Males  with  this  mutant  Y  and  carrying  bobbed  in  their  X-chromosome 
(XbbYbb)  show  clearly  the  character  bobbed.  By  the  use  of  this  Y,  back- 
crosses  can  be  made  in  which  the  males  as  well  as  the  females  can  be  classified 
for  bobbed,  instead  of  only  the  females  as  formerly.  It  is  now  a  simple  matter 
to  make  stocks  in  which  bobbed  is  combined  with  other  sex-linked  mutations. 
With  such  stocks  it  has  been  possible  to  locate  the  gene  for  bobbed  more 
accurately. 

The  Y-chromosome  of  simulans  carries  an  allelomorph  of  bobbed  that  makes 
the  character  more  extreme,  unlike  that  of  melanogaster  which  carries  an 
allelomorph  that  suppresses  the  bobbed  character.  One  race  of  simulans 
acts  as  though  it  carried  no  bobbed  allelomorph  at  all  in  the  Y,  just  as  do  a 
few  melanogaster  races. 

By  making  use  of  the  relation  of  the  Y-chromosome  to  bobbed  and  of  the 
interrelations  of  the  various  bobbed  allelomorphs  a  greatly  increased  precision 
is  possible  in  working  with  non-disjunction.  Thus,  in  one  experiment  it  was 
possible  to  separate  for  use  and  testing  the  regular  daughters  containing  a 
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Y-chromosome  from  the  regular  daughters  free  from  a  Y-chromosome.  The 
former  were  XbbXbbY+  and  were  wild-type  in  appearance,  the  latter  were 
simply  XbbXbb  and  were  bobbed  in  appearance.  The  ratio  of  XX Y  to  XX 
regular  daughters  was  similarly  ascertainable.  In  a  second  experiment  a 
separation  between  X  1Xbb9Y+  (wild-type)  and  XbblXbb9  (slight  bobbed) 
gave  these  relations  with  less  distortions  due  to  inviability  of  the  bobbed 
character.  In  a  third  experiment  the  XY  and  XYY  males  were  distinguished 
and  shown  to  be  in  a  1:1  ratio  by  use  of  a  mutant  allelomorph  of  bobbed 
present  in  a  particular  Y-chromosome.  Thus,  XbbYbb  were  slight-bobbed 
males  in  appearance,  while  XbbYbbY+  were  wild-type  in  appearance.  Cyto- 
logical  preparations  of  the  latter  males  have  been  made.  Very  extensive 
experiments  have  shown  that,  in  its  effect  upon  secondary  non-disjunction, 
Ybb  is  not  distinguishable  from  the  standard  Y-chromosome. 

The  various  cases  of  high  non-disjunction  have  had  their  primary  cause  in 
some  alteration  of  the  X-chromosome,  but  suggestions  of  modification  by 
autosomal  factors  have  been  common,  especially  in  dealing  with  the  original 
high  non-disjunction  associated  with  cla.  A  stock  of  high  non-disjunction 
descended  from  the  cla  stock  was  recently  used  in  tests  for  the  presence  of 
autosomal  modifiers  of  the  percentage  of  exceptions.  No  modifiers  were 
found  in  the  stock,  but  a  third-chromosome  combination  used  in  testing,  viz, 
the  C  Df  C  previously  mentioned,  acted  as  a  strong  restrictor  upon  the 
production  of  exceptions.  The  female  of  the  high  stock  gave  an  average  of 
12  per  cent  of  exceptions  in  outcrosses.  Fi  exceptional  not-C  Df  C  daughters 
gave  an  average  of  14  per  cent  exceptions,  a  condition  probably  not  different 
from  that  of  the  stock  and  indicating  absence  of  important  autosomal  modi- 
fiers. However,  the  Fi  exceptional  C  Df  C  daughters  gave  an  average  of 
only  2  per  cent  exceptions,  which  was  even  lower  than  the  standard  per- 
centage of  4.3  for  unmodified,  secondary  non-disjunction. 

Further  work  by  Gabritschevsky  and  Bridges  on  the  giant-producing  race, 
discovered  by  Dr.  Gabritschevsky,  has  shown  that  the  giant  females  average 
70  per  cent  heavier  than  the  non-giant  (or  than  the  standard  wild)  females. 
Likewise  the  giant  male  is  70  per  cent  heavier  than  the  non-giant  (or  the  wild) 
male.  The  males  of  each  type  are  30  per  cent  lighter  than  the  corresponding 
females.  These  proportionate  differences  in  weight  maintain  themselves 
nearly  unchanged  through  the  course  of  a  culture,  hence  the  two  types  of  flies, 
giants  and  non-giants,  are  always  sharply  separable.  The  difference  between 
giant  and  non-giant  sibs  has  been  shown  to  be  non-genetic,  the  two  types  being 
genotypically  identical.  The  ratio  between  the  two  types,  or  the  percentage 
of  flies  that  develop  the  giant  character,  was  found  to  vary,  in  a  straight  line 
relation,  with  the  amount  of  nourishment  available.  Thus,  with  the  standard 
amount  of  food  per  culture,  families  containing  50  flies  showed  an  average  of 
48  giants  per  hundred  females,  while  families  of  300  showed  an  average  of  23 
giants  per  hundred  females.  The  percentage  manifestation  in  the  giant  males 
ran  almost  precisely  half  as  high  as  in  the  females,  25  males  per  hundred  cor- 
responding to  50  females  per  hundred,  and  9.5  males  corresponding  to  20 
females.  Whether  a  given  individual  became  a  giant  or  remained  normal  in 
size  depended  upon  whether  it  received  an  adequate  nourishment  before  a 
critical  point  some  time  before  the  sixth  day  of  larval  life.  Up  to  the  time  at 
which  normal  larvae  pupate  no  size  difference  could  be  detected  between 
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larvae  that  were  to  become  giants  and  those  that  pupated  at  that  point  and 
later  emerged  as  non-giants.  The  remaining  larvae  continued  to  grow  for 
four  days  longer,  then  as  giant  larvae  pupated  into  giant  pupae  and  emerged  as 
giant  imagos. 

The  giant-producing  tendency  was  found  to  depend  upon  a  mutant  gene 
in  the  X-chromosome  with  a  locus  at  0.4,  between  the  loci  of  yellow  and  white. 
Unless  this  gene  was  present  in  both  X-chromosomes  of  a  female,  no  amount 
of  nourishment  was  able  to  produce  a  giant.  A  second  recessive  mutant  gene 
was  found,  with  a  locus  near  bobbed  in  the  extreme  right  end  of  the  X-chromo- 
some, whose  effect  was  to  double  the  percentage  frequency  of  giants  that  ocur- 
red  with  a  given  standard  of  nourishment.  Thus,  in  families  homozygous  for 
the  "enhancer"  the  average  50-fly  culture  showed  96  giants  per  hundred 
females  and  in  300-fly  cultures  46  giants  per  hundred  females.  The  effect  of 
this  enhancer  was  greater  upon  males  than  upon  females;  70  giant  males  per 
hundred  corresponding  to  90  females,  and  40  males  to  70  females.  With  this 
enhanced  race  small  cultures  raised  in  vials  with  abundant  food  sometimes 
gave  only  giant  progeny.  Any  lesser  percentage  of  manifestation  may  be 
regarded  then  as  an  effect  of  semi-starvation,  and  the  percentage  manifesta- 
tion of  giant  be  used  as  a  delicate  test  of  the  relative  excellence  of  culture 
conditions  and  media. 

The  above  situation  of  a  single  genotype  with  two  phenotypes  sharply 
different,  depending  upon  amount  of  nutrition  before  a  critical  point,  is  parallel 
to  the  castes  of  bees,  termites  and  other  social  insects,  especially  ants.  This 
case  shows  that  the  caste  condition  may  arise  by  simple  mutation  from  the 
non-caste  condition,  and  that  degrees  and  sexual  differences  in  expression  of 
caste  may  be  due  to  other  mutant  genes  (the  enhancer)  or  to  special  peculiar- 
ities of  the  chromosome  mechanism  (attached-Xs,  etc.). 

Further  evidence  that  the  new  characters  Minute-1  (Ml)  and  Plexate 
(Px)  are  deficiencies  has  been  obtained.  The  most  significant  evidence  has 
come  by  the  use  of  Pale-translocation,  which  consists  in  the  loss  of  the  right 
end  of  chromosome  II  (Pn)  and  the  attachment  of  the  corresponding  piece 
to  chromosome  III  (Pin).  The  supposed  deficiency  Minute-1  showed 
pseudo-dominance  for  the  characters  arc  and  Plexus  and  eliminated  crossing 
over  between  them.  The  duplication  (Pin)  was  known  to  overlap  the  range 
of  Minute-1  in  that  Pin  covers  the  Plexus  locus  but  not  the  arc  locus,  while 
Minute-1  covers  both. 

It  was  found  that  the  (M1/+,  P111/+)  individual  did  not  show  the  short 
bristles  and  slow  development  that  characterized  Ml.  This  was  taken  to 
mean  that  the  duplication  Pin  had  supplied  the  genes  lost  in  the  deficiency 
Ml,  thus  neutralizing  a  deficiency  by  a  corresponding  duplication.  However, 
Pin  suppresses  (by  the  dominance  of  one  wild-type  allelomorph  over  two 
mutant  recessive  allelomorphs)  the  action  of  the  mutants  plexus  brown, 
lethal-2ax  and  several  others.  If  Ml  were  not  a  deficiency  but  were  a 
simple  dominant  this  result  might  be  produced  by  the  relation  (M1/+, 
Pm/-f-)  in  which  two  wild-type  allelomorphs  (the  one  in  the  other  H-chromo- 
some  and  the  one  in  Pin)  had  dominated  the  action  of  the  Ml  gene.  This 
weak  point  has  been  overcome  by  the  recent  discovery  that  the  neutralization 
of  Ml  by  Pin  is  not  like  a  neutralization  by  Pin  of  the  other  characters  but 
leaves  untouched  certain  characteristics  of  Ml  of  which  the  main  one  is  the 
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high  female-sterility.  This  is  in  line  with  the  known  fact  that  Pin  does  not 
cover  the  entire  range  of  Ml  but  covers  the  region  to  the  right  including  the 
plexus  locus,  but  not  the  region  to  the  left  including  the  arc  locus.  It  may  be 
concluded  then  that  the  unsuppressed  characters  are  due  to  genes  lying  in  this 
left  region  and  that  the  partial  suppression  of  Ml  is  due  to  its  being  a  sectional 
deficiency  and  not  a  dominant  gene-mutation. 

Even  more  striking  evidence  has  been  obtained  in  the  case  of  Plexate,  which 
has  been  interpreted  as  a  deficiency  extending  from  just  to  the  left  of  speck  to 
the  end  of  the  chromosome  and  including  the  known  loci  speck,  blistered  and 
balloon.  The  duplication  Pin  covers  this  region,  and  apparently  in  the 
(Px/+,  P111/+)  individual  neutralizes  the  effect  of  Px  nearly  completely. 
This  again  might  be  interpreted  as  a  simple  dominant  Plexate  dominated  by 
two  wild-type  allelomorphs.  But,  it  has  been  found  that  the  Plexate  also 
neutralizes  the  effect  of  the  duplication  Pin.  For,  a  (Px/  +  ,  Pin/Pin) 
individual  survives  and  emerges  in  about  25  per  cent  of  theoretical  frequency, 
while  a  (+/  +  ,  Phi/Phi)  invariably  dies  in  the  egg  or  larval  stage.  That  a 
simple  gene  mutation  should  thus  neutralize  a  duplication  is  unaccountable, 
but  that  a  deficiency  should  do  so  is  perfectly  in  line  with  the  general  theory 
of  genie  balance. 

A  deficiency  has  been  found  that  includes  yellow,  scute  and  achaete  (at 
the  left  end  of  the  X-chromosome) ,  but  not  the  neighboring  loci  silver,  broad 
and  prune.  This  deficiency  gives  clear  and  easily  measurable  exaggeration 
effects  with  scute  and  achaete,  and  will  be  useful  in  studying  that  phenomenon. 

A  change  in  the  1 : 1  sex  ratio  has  been  reported  (Year  Book  No.  22,  1923) 
that  appeared  in  a  stock  with  attached-X  chromosomes,  each  carrying  a 
gene  for  yellow.  A  study  of  this  ratio  has  now  extended  over  several  years 
and  has  led  to  the  following  conclusions.  The  sex  ratio  in  this  line  varies 
from  one  female  to  two  males  to  as  few  as  one  female  to  five  males.  Egg 
counts  have  shown  that  there  is  a  high  mortality  in  the  egg  stages  and  in  the 
young  larval  stages,  but  those  larvae  that  reach  the  pupal  stage  become  adults. 
Outbreeding  of  these  low-ratio  females  to  males  of  any  other  stock  gives  in  Fx 
the  characteristic  low-female  ratio.  The  result  must  then  be  due,  if  due  to 
the  sex-chromosome  alone,  either  to  a  dominant  gene  in  the  attached-X 
chromosome  or  to  two  recessive  genes,  one  in  each  arm  of  the  chromosome. 
The  repeated  appearance  of  the  low-female  ratios  in  the  original  stock  of 
attached-X's  is  more  in  accord  with  the  presence  of  a  recessive  factor  in  the 
stock.  Crossing-over  between  the  arms  of  the  X's  would  then  explain  the 
occurence  of  low-female-producing  females. 

Many  experiments  have  been  made  to  find  out  whether  accessory  dominant 
modifiers  in  the  second  or  third  autosome  of  the  low-female-producing  line  are 
also  present.  These  tests  have  not  so  far  proven  adequate  to  settle  the 
question,  but  suitable  material  is  now  available  for  that  test.  By  utilizing 
the  occasional  occurrence  of  a  male,  arising  from  the  breaking  apart  of  the 
attached-X's  of  the  low-female-producing  line,  it  has  been  possible  to  show  that 
low  ratios  are  due  primarily  to  a  gene  carried  in  this  X-chromosome  and  that 
when  two  such  chromosomes  are  brought  together  in  the  female,  the  same 
low  ratios  characteristic  of  the  attached-X  line  reappear.  Females  homozy- 
gous for  the  gene  fail  in  many  cases  to  reach  the  pupa  stage  but  one  gene  in 
the  X-chromosome  of  the  male  does  not  produce  this  effect. 
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Tennent,  D.  H.,  Bryn  Mawr  College,  Bryn  Mawr,  Pa.  Investigations  on 
echinoderm  eggs.  (For  previous  reports,  see  Tortugas  Laboratory, 
Year  Books  Nos.  8,  9,  11,  22,  25.) 

The  purpose  of  these  investigations  is  the  development  of  exact  micro- 
chemical  methods  for  the  identification  of  substances  in  biological  material, 
with  the  hope  of  determining  the  exact  nature  of  "inclusions."  A  preliminary 
examination  of  eggs  and  ovaries  of  the  sea-urchin  Echinometra  lucunter 
showed  that  they  were  well  adapted  to  a  study  of  this  kind. 

A  study  of  inclusions  in  histological  material  prepared  for  this  purpose  has 
been  made  under  direction  by  two  graduate  students,  Miss  Ruth  A.  Miller 
and  Miss  Helen  B.  Smith.     A  report  is  ready  for  publication. 

A  qualitative  separation  of  substances  contained  in  these  tissues  has  been 
made  by  Dr.  Dorothea  E.  Smith.  The  substances  found  and  separated  are 
glycogen,  kephalin,  lecithin,  neutral  fats  and  cholesterol.  These  separated 
substances  have  been  emulsified  and  injected  into  pith  which  was  then 
"fixed"  by  cytological  methods.  Part  of  this  material  has  been  sectioned  and 
is  being  studied  microscopically  with  the  aid  af  appropriate  stains,  and  with 
constant  reference  to  the  results  given  by  the  same  stains  on  fixed  tissues  of 
Echinometra.  As  a  control  series,  emulsions  of  egg  white  and  gelatin,  lecithin 
from  hens  eggs,  and  lecithovitellin  have  been  prepared  and  treated  similarly. 

During  the  present  summer  additional  Echinometra  tissue  for  a  quantitative 
determination  of  the  substances  that  have  been  found  and  separated  was 
obtained  at  the  Tortugas  Laboratory.  It  is  expected  that  both  the  micro- 
chemical  study  of  the  artificial  tissue  and  the  quantitative  analysis  of  the  new 
material  will  be  completed  during  the  coming  year. 

Torrey,  Harry  Beal,  Cornell  University  Medical  College,  New  York  City. 
The  function  of  the  thyroid  hormone,  with  especial  reference  to  its  role  in 
differentiation.     (For  previous  report  see  Year  Book  No.  25.) 

This  investigation  was  suggested  by  earlier  studies  on  the  role  of  the  thyroid 
hormone  in  differentiation.  It  had  been  found  that  when  thyroid  was  added 
to  the  dietary  of  certain  pigmented  races  of  poultry,  the  plumage  melanins 
were  increased  both  in  amount  and  extent.  Might  it  not  be  possible,  by  a 
similar  use  of  thyroxin  in  certain  races  of  rats  and  mice,  especially  on  the  so- 
called  dilute  pigmented  races,  to  throw  light  on  the  nature  of  the  coat-color 
factors  whose  genetic  behavior  has  already  received  much  attention? 

To  answer  this  question,  experiments  were  undertaken  on  six  races  of  mice — 
dilute  black,  chocolate,  dilute  chocolate,  piebald,  pink-eyed  and  albino;  and  on 
one  race  of  rats — dilute  black  hooded.  Dr.  W.  E.  Castle  kindly  furnished 
the  stock  of  mice;  and  several  litters  of  rats  were  obtained  from  the  Crocker 
Institute  for  Cancer  Research  through  the  kindness  of  Dr.  M.  R.  Curtis. 

Both  adults  and  young  were  systematically  injected  with  thyroxin  in  doses 
proportional  to  their  weight.  The  injection  of  the  young  was  begun  as  soon 
after  birth  as  possible.     Trials  were  made  at  different  seasons  of  the  year. 

Neither  in  old  nor  young,  however,  did  thyroxin  appear  to  exert  an  appreci- 
able effect  on  the  coat  color.  There  can  be  little  doubt,  therefore,  that  the 
pigment-forming  mechanisms  of  birds  and  mammals,  as  exemplified  in  the 
races  observed,  represent  different  physiological  complexes,  the  one  respond- 
ing rather  delicately  to  changes  in  the  concentration  of  available  thyroxin 
in  the  body,  the  other  unaffected  by  it. 
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Babcock,  E.  B.,  University  of  California  Agricultural  Experiment  Sta- 
tion, Berkeley,  California.  Investigations  in  the  genus  Crepis.  (For 
previous  report  see  Year  Book  No.  25.) 

The  work  has  progressed  satisfactorily  in  all  three  phases  of  the  project. 

Taxonomic  revision — These  studies  have  been  prolonged  in  order  to  include 
extensive  European  collections  recently  made  available.  It  may  be  stated, 
however,  that  the  genus  will  be  treated  as  a  broadly  inclusive  group  of  from 
150  to  175  species  which  will  be  segregated  into  5  or  more  subgenera  and  20 
to  30  sections. 

Cytological  studies — Examination  of  the  chromosomes  of  natural  species 
has  covered  most  of  the  available  material.  The  characteristic  number  has 
been  definitely  determined  in  53  species  and  approximately  ascertained  in  7 
others,  making  a  total  of  60  species  studied.  From  these  data  the  series  of 
haploid  numbers  in  this  genus  at  present  stands  as  follows:  3,  4,  5,  6,  8,  9,  11, 
13,  17-18,  20,  22?,  44?.  It  is  of  interest  to  note  that  the  two  highest 
numbers  have  been  found  only  in  American  species.  It  happens  also  that  in 
certain  of  these  American  species  there  is  abundant  evidence,  both  cytological 
and  morphological,  of  the  occurrence  of  natural  hybridization.  Such  cases 
are  decidedly  rare  in  the  genus  as  a  whole.  Extensive  cytological  work  has 
been  continued  on  interspecific  hybrids.  The  artificially  produced  new  species 
continue  to  breed  true  in  cultivation. 

Genetic  studies — During  the  year,  cultures  have  been  grown  of  over  200 
different  strains  representing  51  different  species.  Herbarium  specimens 
were  prepared  for  future  reference  and  many  new  experiments  on  interspecific 
hybridization  have  been  made.  These  include  170  individual  crosses  and 
involve  115  different  species  crosses.  Of  these,  54  have  produced  mature 
plants;  in  the  remainder  the  seed  failed  to  germinate  or  the  hybrids  proved 
too  weak  or  abnormal  to  survive.  Many  significant  data  bearing  upon 
questions  of  interspecific  relationship  have  been  secured. 

The  following  assistants  were  employed  in  the  work:  Dr.  J.  L.  Collins, 
assistant  professor  of  genetics;  C.  W.  Haney,  technical  assistant;  Miss  E.  L. 
Hollingshead,  research  assistant;  Miss  Priscilla  Avery,  research  assistant. 

Livingston,  Burton  E.,  Johns  Hopkins  University,  Baltimore,  Maryland. 
Water  relations  of  the  plant  as  a  whole.  (For  previous  reports  see  Year 
Books  Nos.  22,  23.) 

Residual  soil  moisture  at  the  onset  of  permanent  wilting — Experimental  studies 
on  the  water  relations  of  the  plant  as  a  whole  have  been  continued  with  the 
aid  of  several  assistants.  In  the  summer  of  1926,  at  Tucson,  Dr.  L.  J.  Pessin, 
Mason  Fraps  and  Mrs.  Marguerite  A.  Livingston  carried  out  several  series  of 
determinations  of  the  amount  of  residual  water  left  in  the  soil  at  the  time  of 
permanent  wilting  in  cultures  in  sheet-metal  cylinders.  Permanent  wilting  is 
taken  to  denote  that  degree  of  water  deficit  in  the  leaves  from  which  recovery 
does  not  occur  with  24  hours  of  exposure  to  a  saturated  atmosphere.  Plants 
so  wilted  recover  when  water  is  added  to  the  soil,  however.  Under  ordinary 
field  conditions,  if  plants,  or  parts  of  a  plant,  become  permanently  wilted  at 
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any  time,  they  can  not  recover  without  rain  or  irrigation,  even  though  trans- 
piration ceases  entirely.  Experiments  of  the  type  carried  out  by  Livingston 
and  J.  S.  Caldwell  and  by  Livingston  and  J.  W.  Shive  were  included  in  the 
work  of  1926.  The  results  secured  in  the  earlier  work  were  not  secured  this 
year  and  the  problem  still  remains  unsolved,  as  to  what  are  the  limits  within 
which  the  evaporating  power  of  the  air  significantly  influences  the  amount  of 
water  left  in  the  soil  at  the  onset  of  permanent  wilting  in  plants.  The  work 
of  Briggs  and  Shantz  indicated  no  such  influence  at  any  time  or  with  any 
soil,  but  our  own  earlier  studies  showed  a  definite  relation  between  the 
evaporating  power  of  the  air  and  the  soil-moisture  residue,  corresponding  to 
what  is  called  the  wilting  coefficient  for  any  soil.  This  disagreement  indicates 
clearly  that  the  totally  different  conclusions  are  to  be  related  to  differences  in 
the  influential  conditions  involved  in  the  experiments.  But  it  is  not  yet 
possible  to  determine  just  what  differences  in  conditions  are  involved,  and 
this  problem  consequently  remains  one  of  the  most  pressing  in  the  whole 
field  of  the  soil  relations  of  the  plant.  If  it  were  possible  to  set  up  and 
carry  out  experiments  with  all  influential  conditions  controlled,  this  question 
might  be  rather  readily  cleared  up,  but  no  such  experiments  have  yet  been 
possible  and  it  does  not  seem  likely  that  the  necessary  experimental  facilities 
may  become  available  anywhere  for  a  long  time. 

Recent  advances  lead  to  the  conviction  that  water  absorption  by  roots  in 
ordinary  aerated  soils  is  not  to  be  considered  statically  and  that  the  growth 
of  the  roots  through  the  soil  constitutes  a  highly  important  and  generally 
limiting  condition  affecting  the  absorption  rate.  Roots  appear  to  grow  to  the 
water;  they  can  not,  in  soils  that  are  not  too  wet,  wait  for  the  water  to  move  to 
them  from  soil  regions  not  actually  very  close  to  the  absorbing  surfaces. 
Water  movement  in  such  soils  is  far  too  slow  to  account  for  the  observed 
absorption  rates.  It  consequently  appears  that  absorption  must  practically 
cease  when  root  growth  ceases,  even  though  a  considerable  supply  of  "avail- 
able "  water  may  remain  in  the  general  soil  mass.  The  rate  of  root  enlargement 
thus  becomes  one  of  the  main  conditions  determining  the  onset  of  permanent 
wilting.  This  consideration  has  not  yet  been  taken  into  account  in  the  dis- 
cussion of  the  wilting  point,  and  when  it  is  considered  the  entire  problem 
takes  on  a  new  interest  and  a  much  greater  complexity. 

Water-supplying  power  of  the  soil  at  the  onset  of  permanent  wilting  and  of 
death — The  experiments  at  Tucson  in  1926  emphasized  the  point  that  the  soil 
characteristic  dealt  with  in  studies  of  permanent  wilting  is  the  water-supplying 
power  rather  than  the  water  content.  Through  earlier  studies  of  Livingston 
and  R.  Koketsu  and  of  Livingston  and  J.  Dean  Wilson  a  fairly  satisfactory 
method  has  been  worked  out,  by  which  the  initial  water-supplying  power  of 
the  soil  may  be  directly  measured  (the  soil-point  method).  Much  progress 
has  been  made  toward  the  quantitative  interpretation  of  growth  retardation, 
wilting  and  death  as  these  are  related  to  the  water-supplying  power  of  the 
soil  about  the  roots  of  the  plants  considered.  Dr.  Wilson,  now  of  the  Ohio 
Agricultural  Experiment  Station  at  Wooster,  Ohio,  carried  out  an  elaborate 
series  of  observations  on  this  soil  feature  as  related  to  the  health  of  lawn 
grasses,  etc.,  at  Baltimore,  in  1925,  when  he  was  an  assistant  in  the  project 
here  reported.  Drought  injury  of  various  degrees  could  be  predicted  by  means 
of  soil-point  measurements.    The  kind  of  soil  (whether  sand,  loam,  etc.)  and 
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its  water  content  need  not  now  be  considered  in  studies  on  the  soil-water 
relations  of  plants,  for  the  water-supplying  power  integrates  the  influences  of 
these  characteristics. 

Although  the  Tucson  studies  of  1926  pointed  clearly  to  the  need  for  measure- 
ment of  the  initial  water-supplying  power  of  the  soil,  instead  of  the  measure- 
ments of  the  moisture  equivalent  and  water  content  that  have  usually  been 
made  in  studies  on  wilting,  still  the  soil-point  method  has  not  yet  proved 
adequate  to  the  solution  of  the  problem  of  the  wilting  coefficient.  Among 
the  many  desiderata  in  this  connection  is  further  improvement  in  methods  for 
determining  the  water-supplying  power  directly. 

From  the  studies  carried  out  with  the  aid  of  Professor  R.  Koketsu  (now  of 
the  University  of  Kyushiu,  Japan),  of  Professor  I.  Ohga  (now  of  the  Uni- 
versity of  Dairen,  South  Manchuria)  and  of  Dr.  Wilson,  it  appears  that  many 
kinds  of  plants  shortly  pass  into  permanent  wilting  when  the  water-supplying 
power  of  the  soil  about  their  roots  is  decreased  below  about  8  mg.  per  square 
centimeter  for  the  first  hour  of  absorption,  at  least  for  the  general  climatic 
conditions  of  summer  in  Baltimore  and  of  a  Baltimore  greenhouse  in  winter. 
The  lawn  plants  were  vegetatively  dead  generally  by  the  time  the  supplying 
power  had  decreased  to  3  mg.  or  4  mg.  per  square  centimeter  for  the  first  hour 
after  absorption  began.  It  is  interesting  to  note  that  this  supplying-power 
value  is  surely  above  300  when  the  grass  leaves  have  just  dried  after  a  soaking 
rain.  In  that  case,  of  course,  the  soil  conditions  do  not  limit  plant  absorption 
at  all.  At  what  magnitude  the  initial  water-supplying  power  of  the  soil  be- 
comes a  limiting  condition  for  water  absorption  by  roots  depends  on  the 
absorbing  power  of  the  roots  themselves,  which  in  turn  depends  on  the  kind 
and  condition  of  the  plant  considered  and  upon  the  evaporation  and  radiation 
conditions. 

Soil  resistance  to  water  absorption  by  roots — The  water-supplying  power  of 
the  soil  must  be  determined  by  the  magnitude  of  the  capillary  gradient  of 
hydrostatic  pressure  existing  between  the  exposed  walls  of  the  absorbing  cells 
and  the  adjacent  soil-water  films,  also  by  the  magnitude  of  the  resistance  to 
water  movement  interposed  by  the  surfaces  of  the  solid  soil  particles.  These 
two  pressures  are  interdependent,  and  it  has  been  shown  in  some  of  our  earlier 
work  in  this  connection  that  the  magnitude  of  the  attraction  of  the  soil  for 
water  is  a  satisfactory  measure  of  the  water-supplying  power  for  any  given 
kind  of  soil.  This  attraction  is  weaker  as  the  soil  is  wetter,  and  stronger  as 
the  soil  is  drier  and  a  given  value  of  water-supplying  power,  for  a  given  soil, 
corresponds  to  a  certain  value  of  the  attraction  pressure.  This  consideration 
is  the  basis  for  the  theory  of  the  Livingston  auto-irrigator,  by  which  the 
attraction  for  water  in  a  pot  of  soil  may  be  maintained  automatically  and 
indefinitely.  It  was  suggested  many  years  ago,  by  Livingston  and  Lon  A. 
Hawkins  (now  of  the  U.  S.  Bureau  of  Plant  Industry),  that  the  rate  of  move- 
ment of  water  from  the  porous-porcelain  irrigator  into  the  adjacent  soil  might 
furnish  a  measure  of  the  attraction  exerted  by  the  soil,  this  being  itself  a 
reciprocal  measure  of  the  resistance  offered  to  plant  absorption.  Recent 
study  shows  that  this  can  be  true  only  within  certain  limits;  it  is  true  only  for 
small  soil  masses  such  as  those  of  pot  cultures. 

During  the  last  year,  however,  with  the  assistance  of  Wm.  E.  L.  Drake,  of 
the  Johns  Hopkins  University,  attention  has  been  turned  to  the  hydrostatic 
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or  capillary  pressures  involved  in  the  operation  of  the  auto-irrigator.  Instead 
of  measuring  the  rates  of  movement  of  water  from  irrigator  to  soil  when  the 
resisting  pressure  was  maintained  constant  (Livingston  and  Hawkins,  Car- 
negie Inst.  Wash.,  Pub.  No.  204),  we  have  automatically  balanced  and 
measured  the  attraction  of  the  soil  for  water  as  this  increases  with  the  drying 
out  of  the  soil.  The  gradually  increasing  height  of  a  mercury  column  is  made 
to  indicate  the  hydrostatic  pressure  that  just  prevents  or  just  allows  irrigation 
flow.  This  new  method  promises  very  much  for  future  studies  and  appears 
to  be  eminently  suited  for  field  work  with  some  kinds  of  soil.  Its  promise  is 
partially  limited  at  present,  however,  to  soils  of  the  range  from  sands  to  light 
loams;  nevertheless  it  will  be  useful  also  in  the  study  of  rather  wet  loams  and 
clays.  Plant  growth  begins  to  be  retarded  with  resistance  pressures  of  2  or  3 
cm.  of  mercury  column  for  medium-fine  sand.  This  critical  value  is  10  or  15 
cm.  for  sandy  loam  and  is  about  50  or  60  cm.  for  a  heavy  clay  loam.  To 
bring  about  permanent  wilting  (under  the  climatic  conditions  of  a  Baltimore 
greenhouse)  the  resistance  pressure  is  about  10  cm.  for  our  sand  and  much 
higher  for  sandy  loam.  For  heavier  loams  and  clays  permanent  wilting  is  not 
reached  with  a  pressure  of  60  or  65  cm.,  and  much  higher  pressures  can  not 
be  measured  without  the  introduction  of  negative  pressure  in  the  instrument, 
which  requires  many  precautions  to  prevent  rupture  of  the  liquid.  For  light 
soils  this  new  method  has  perhaps  greater  promise  than  the  soil-point  method 
has,  but  thus  far  offers  no  means  for  a  direct  attack  on  the  wilting-point  prob- 
lem in  connection  with  heavy  soils.  It  is  to  be  emphasized  that  the  employ- 
ment of  the  irrigator-pressure  method  necessitates  a  knowledge  of  the  kind  of 
soil  that  is  being  studied,  in  which  respect  it  differs  fundamentally  from  the 
soil-point  method,  which  deals  with  rates  of  water  movement  from  soil  to 
soil-point  and  not  directly  with  pressures  at  all. 

After  twenty-three  years  of  intense  study  (see  Publication  No.  50)  we  may 
claim  a  considerable  degree  of  progress  in  regard  to  this  question  of  the  soil- 
moisture  relations  of  plants,  but  the  problem  is  so  complicated  and  the  vari- 
ables are  so  recondite  that  our  accomplishment  is  to  be  appraised  as  just 
preparatory  and  preliminary.  A  real  attack  on  the  problem  may  come  at  a 
later  time,  when  many  workers,  with  suitable  instruments,  may  unite  in 
cooperative  work,  such  as  has  not  yet  been  undertaken  in  plant  physiology, 
ecology  and  the  applied  plant  sciences. 

An  atmometer  for  instantaneous  readings — Turning  to  the  aerial  aspect  of 
the  water  relations  of  the  plant  as  a  whole,  it  may  be  recalled  that  attempts 
have  been  made  (with  the  assistance  of  Dr.  E.  S.  Johnston,  now  of  the  Uni- 
versity of  Maryland,  and  others)  to  measure  the  rate  of  evaporation  from  a 
porous-porcelain  atmometer  in  terms  of  the  hydrostatic  pressure  necessary 
to  move  water  through  a  porous  wall  at  the  current  evaporation  rate.  The 
principle  was  established  but  the  method  failed  because  we  did  not  succeed  in 
maintaining  the  standard  resistance.  In  the  summer  of  1926  and  1927,  with 
the  assistance  of  Dr.  H.  W.  Chalkley  (of  the  Johns  Hopkins  University)  this 
method  has  at  length  been  perfected.  Porous-porcelain  pieces  are  used  for 
the  standard  resistances  and  the  pressure  range  is  kept  low  by  having  the 
mercury  manometer  oblique  instead  of  vertical.  The  end  of  a  mercury 
column  in  a  capillary  glass  tube  moves  upward  and  downward,  with  very 
little  lag,  over  a  calibration  scale,  from  which  may  be  read  directly  the  evapor- 
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ation  rate  (in  cubic  centimeters  per  hour)  for  any  instant  of  observation.  This 
new  instrument  will  be  useful  in  demonstrations  of  the  influence  of  conditions 
on  evaporation,  but  its  accomplishment  is  mainly  valuable  because  it  has 
rendered  possible  the  construction  of  a  recording  atmometer  that  makes  a 
tracing  on  a  paper  strip,  showing  directly  the  fluctuations  in  the  evaporation 
rate  itself. 

A  rate-recording  atmometer — The  Chalkley  instrument  just  mentioned 
employs  a  standard  porous-porcelain  resistance  to  the  flow  of  water  into  the 
supply  tube  of  a  porous-porcelain  atmometer.  The  pressure  corresponding 
to  the  evaporation  rate  at  each  instant  is  transmitted  to  a  writing  pen  held 
on  a  paper  slip  borne  by  a  rotating  drum.  A  very  short,  vertical  mercury 
manometer  bears  a  float  in  its  open  arm  and  the  upward  and  downward 
movements  of  the  float  actuate  the  pen,  with  suitable  magnification  by  means 
of  the  ordinary  lever.  The  resistance  is  calibrated  and  has  maintained  itself 
for  months.  The  ordinates  of  the  tracing  are  read  as  hourly  rates  of  evapora- 
tion. This  is  really  a  delicate  form  of  recording-pressure  gage,  for  the  fluctu- 
ating hydrostatic  pressures  in  the  tube  are  measures  of  the  rate  at  which 
evaporation  proceeds  from  the  atmometer  sphere  above.  So  far  as  we  are 
aware,  evaporation  has  never  before  been  continuously  recorded  in  terms  of 
rates.  We  have  long  needed  such  an  instrument  for  certain  aspects  of  atmom- 
etry,  especially  when  rapid  rate  fluctuations  are  to  be  studied. 

Surface  exposure  in  radio-atmometry — When  the  intensity  of  sunshine  is 
measured  by  means  of  the  radio-atmometer,  in  terms  of  the  difference  between 
the  rates  of  evaporation  from  a  white  and  from  a  blackened  surface  of  porous 
porcelain,  the  question  arises  whether  the  absorbing  surface  should  better  be 
so  exposed  as  to  give  readings  of  only  or  mainly  the  vertical  component  of  the 
impinging  radiation,  or  so  as  to  indicate  the  integration  of  all  components. 
Most  instruments  for  measuring  sunshine  intensity  employ  a  horizontal 
absorbing  surface  and  thus  primarily  record  fluctuations  in  the  vertical  com- 
ponent. In  our  own  studies  on  the  influence  of  sunshine  on  the  rate  of  water 
loss  from  plants  we  first  employed  vertical,  cylindrical,  porous-porcelain 
atmometers,  but  soon  adopted  the  spherical  type  as  much  more  satisfactory, 
both  theoretically  and  pragmatically.  It  is  not  yet  known  whether  spherical 
surfaces,  whose  exposure  is  the  same  for  all  times  of  day,  are  really  preferable 
to  horizontal,  plane,  circular  surfaces,  such  as  are  exposed  by  the  Bellani-plate 
atmometer.  With  the  assistance  of  Mrs.  Cornelia  G.  Smith,  of  the  Johns 
Hopkins  University,  a  series  of  tests  has  been  carried  out  in  the  summer  of 
1927,  at  Baltimore,  to  determine  the  relation  between  the  daily  march  of 
total  sunshine  influence  as  shown  by  a  pair  of  spheres  and  the  same  march  as 
shown  by  a  pair  of  Bellani  plates.  Beginning  before  sunrise  and  continuing 
till  after  sunset,  hourly  rates  of  evaporation  were  determined  from  blackened 
and  from  white  spheres,  and  simultaneously  from  blackened  and  from  white 
Bellani  plates  kept  horizontal,  kept  normal  to  the  axis  of  impinging  solar 
radiation  or  kept  at  some  other  nearly  constant  angle  with  that  axis.  It 
turns  out  that  the  resulting  record  is  essentially  the  same  for  spheres  and  for 
plates  kept  normal  to  the  axis,  but  that  plates  exposed  at  an  angle  greater 
than  about  28°  from  the  axis  give  lower  intensity  values,  as  was  to  be  expected, 
while  (as  was  also  to  be  expected)  the  graph  for  the  march  of  sunshine  effect 
on  the  horizontal  plates  shows,  in  midsummer  at  Baltimore,  a  retardation  in 
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the  morning  ascent  and  an  acceleration  in  the  evening  descent,  as  compared 
with  the  corresponding  graph  based  on  readings  from  a  pair  of  spheres.  This 
is  clearly  because  the  horizontal  plates  are  exposed  to  the  solar  radiation  at 
angles  greater  than  about  28°  for  the  early  forenoon  and  for  the  late  after- 
noon. For  the  measurement  of  total  sunshine  influence  the  spherical  sur- 
faces are  obviously  preferable,  but  experimentation  will  be  necessary  to 
determine  which  type  of  surface  will  prove  most  valuable  for  measuring 
sunshine  intensity  in  studies  on  the  control  of  plant  water  loss  in  transpira- 
tion. Since  plants  generally  expose  their  leaves  in  all  directions  about  equally, 
it  seems  likely  that  the  spherical  radio-atmometer  may  be  preferable  in  most 
cases. 

Direct  influence  exerted  upon  plant  growth  by  the  carbon-dioxide  supplying 
power  of  the  soil — It  is  generally  held  and  repeatedly  stated  that  ordinary  green 
plants  derive  their  supply  of  carbon  dioxide  from  the  air.  As  was  indicated, 
several  years  since,  with  the  assistance  of  Mrs.  Marguerite  A.  Livingston,  the 
carbon-dioxide  supplying  power  of  the  air  at  Tucson  in  summer  fluctuates  or 
varies  greatly  with  time  of  day,  with  proximity  to  dense  masses  of  foliage  and 
with  wind  velocity,  as  well  as  with  height  of  the  station  above  the  ground. 
All  this  is  interesting  and  important  if  we  assume  that  most  of  the  carbon 
dioxide  absorbed  by  a  plant  is  derived  from  the  air  about  its  leaves,  but  the 
fate  of  the  carbon  dioxide,  or  bicarbonate  and  carbonate  ions  of  the  soil 
solution,  when  that  solution  is  absorbed  by  plant  roots,  has  not  received  any 
attention  till  very  recently.  Some  recent  writers  have  suggested  that  the 
old  statement  needs  modification  and  that  plants  receive  ordinarily  a  large 
proportion  of  their  supply  of  carbon  dioxide  via  the  water-absorbing  surfaces 
of  the  roots  rather  than  via  the  stomatal  pores  of  the  leaves.  If  this  be  true, 
which  seems  highly  probable,  we  may  begin  to  recognize  a  new  reason  for  the 
application  of  organic  manure  to  the  soil  in  plant  culture  and  for  the  encour- 
agement of  many  forms  of  soil  organisms.  It  may  be  desirable  to  maintain 
rather  high  concentrations  of  carbon  dioxide  in  the  soil  solution,  and  the  car- 
bon-dioxide supplying  power  of  the  soil  about  its  roots  may  be  in  many  cases 
a  limiting  condition  for  plant  growth. 

Some  culture  experiments  carried  out  at  Baltimore  in  the  summer  of  1927, 
with  the  assistance  of  Miss  Ruth  Beall,  of  Goucher  College,  indicate  that 
young  plants  of  tomato  and  white  lupin  made  much  more  rapid  growth  when 
the  carbon-dioxide  content  of  the  soil  about  their  roots  was  artificially  kept 
much  higher  than  it  would  naturally  have  been,  the  air  conditions  being  alike 
in  both  cases.  In  connection  with  this  study  a  very  efficient  generator  for 
the  constant  but  slow  production  of  pure  carbon  dioxide  has  been  developed. 
Any  rate  of  flow  required  in  physiological  work  may  be  fairly  well  maintained. 
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Noyes,  Arthur  A.,  California  Institute  of  Technology,  Pasadena,  California. 
Researches  upon  (1)  the  properties  of  solutions  in  relation  to  the  ionic 
theory;  (2)  free  energies  and  chemical  equilibria;  (8)  the  structure  of  crystal- 
line substances  determined  by  X-rays;  (4)  rates  of  gaseous  chemical  reactions; 
(5)  the  mechanism  of  carrier  catalyses;  (6)  chemical  reactions  produced  by 
atoms  activated  by  radiation;  (7)  chemical  reactions  produced  by  molecules 
activated  by  electron-impact;  (8)  far  infra-red  spectra;  (9)  atomic  and  molecu- 
lar structure:  theoretical.  (For  previous  reports,  see  Year  Books  Nos. 
2-25.) 

Continuation  of  appropriation  of  funds  by  the  Carnegie  Corporation  of 
New  York  to  the  Carnegie  Institution  of  Washington  for  support  of  funda- 
mental studies  in  chemistry  at  the  California  Institute  of  Technology  has 
permitted  the  following  investigations  to  be  carried  out: 

1.  Properties  of  Solutions  in  Relation  to  the  Ionic  Theory 

Dr.  U.  B.  Bray  has  completed  the  study  of  the  ion-activities  of  zinc  sulfate 
by  means  of  measurements  of  the  electromotive  force  at  25°  of  cells  of  the 
type,  Zn,  Zn++S04  =  (c),  PbS04  (s)+Pb  (in  Hg)  through  a  wide  range  of  con- 
centration (c).  The  ion-activities  of  this  salt  with  bivalent  ions  have  been 
found  to  agree  remarkably  well  with  those  predicted  by  the  ion-attraction 
theory  up  to  about  0.01  normal,  but  to  deviate  very  rapidly  from  the  theoretical 
values  as  the  concentration  is  further  increased.  Similar  studies  have  been 
made  by  the  same  method  on  the  activities  of  the  ions  of  sulfuric  acid. 

2.  Free  Energies  and  Reduction-Potentials 

The  researches  in  the  field  of  high-temperature  chemical  equilibria 
described  in  the  last  Year  Book,  have  been  continued  with  greatly  improved 
facilities  by  Dr.  C.  H.  Prescott  jr.  and  W.  B.  Hincke. 

The  equilibrium  of  the  reaction  Th02+4C  =  ThC2-r-2CO  has  been  studied 
at  temperatures  from  2000°  to  2500°  absolute,  and  at  pressures  from  0.03  to  2 
atmospheres.  The  equilibrium-pressure  in  atmospheres  and  increases  in  free- 
energy  and  heat-content  in  calories  that  would  attend  the  reaction  at  one- 
atmosphere  pressure  are:  logi0p  =  8.069 -19325/T;  AF  =  176,970 -73. 89 T; 
and  AH  =  176,970.  The  free-energy  change  is  zero  and  the  equilibrium- 
pressure  is  one  atmosphere  at  2395°  absolute.  The  melting-point  of  thorium 
carbide  has  been  found  to  be  2773°  absolute. 

The  reaction  2Al203-r-9C  =  Al4C3-r-6CO  has  also  been  studied  between 
2000°  and  2300°  absolute,  and  the  corresponding  equations  found  to  be: 
logi0p  =  8.21- 18480/ T;  AF  =  507,760 -225. 6 T;  and  Atf  =  507,670.  The  free- 
energy  change  is  zero  and  the  equilibrium-pressure  is  one  atmosphere  at  2251° 
absolute. 

As  a  part  of  the  basis  of  the  work,  the  spectral  emissive  power  ( e)  of  Acheson 
graphite  for  the  wave-length  0.660  has  been  determined  for  the  range  of  tem- 
perature from  1250°  to  2700°  absolute.  The  observations  were  made  on  a 
small  furnace  with  a  hole  in  the  wall,  and  are  best  summarized  by  the  relation 
e  =  0.984-5.8  l(ThT. 
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Herman  Schott  has  determined  in  aqueous  solution  at  25°  the  equilibrium 
constant  of  the  reaction  H2Se03+4H++41~  =  Se+2I2+3H20.  From  his 
results  and  the  known  free  energies  of  hydrogen  iodide  and  water  have  been 
calculated  the  free  energy  of  formation  of  selenous  acid  (H2Se03)  in  solution 
and  the  reduction-potential  of  Se  (s),  H2  Se03. 

An  investigation  of  the  reduction-potential  of  metallic  indium  has  been 
started;  and,  as  a  preliminary  to  this  research,  a  volumetric  method  for  the 
determination  of  indium  has  been  developed  by  Dr.  U.  B.  Bray  and  H.  D. 
Kirschman.  The  method  is  similar  to  the  electrometric  ferrocyanide  method 
used  for  zinc. 

H.  H.  Steinour,  in  cooperation  with  Professor  A.  A.  Noyes,  is  studying  the 
anomaly  with  respect  to  the  theory  exhibited  by  certain  reducing  substances 
(such  as  sulfurous  acid,  formic  acid,  oxalic  acid)  which  are  not  formed  revers- 
ibly  out  of  their  oxidation-products  (sulfuric  acid,  or  carbon  dioxide  and 
water) ,  These  substances  sometimes  show  a  fairly  definite  electrode-potential 
and  a  fairly  definite  limit  beyond  which  they  do  not  reduce  oxidizing  sub- 
stances; but  this  potential  and  limit  correspond  to  a  much  smaller  reducing 
power  than  that  calculated  for  their  conversion  into  their  ordinary  oxidation- 
products.  Thus,  while  the  conversion  of  sulfur  dioxide  into  surfuric  acid  is 
calculated  to  give  a  molal  reduction-potential  of— 0.14  volt,  it  is  found 
experimentally  by  Mr.  Steinour  that  the  electrode-potential  of  the  correspond- 
ing cell  Pt+S02(g),  H2S04  (1  m.),  H2  (1  atm.)  is  only -0.38 ±0.02  volt.  This 
potential  is  found,  moreover,  to  be  only  slightly  changed  by  replacing  the 
sulfuric  acid  by  hydrochloric  acid;  to  be  uninfluenced  by  the  presence  of 
dithionic  acid  (H2S206),  a  possible  intermediate  oxidation-product;  not  to  vary 
greatly  with  the  concentration  of  hydrogen-ion  nor  with  that  of  the  sulfur 
dioxide ;  and  instantly  to  change  markedly  on  stirring  the  solution  around  the 
sulfur-dioxide  electrode.  These  results  have  led  to  the  conclusions  that  on 
the  surface  of  the  platinized  electrode  (owing  to  its  catalytic  action)  some  of 
the  sulfurous  acid  spontaneously  decomposes,  probably  according  to  the 
reaction  3S02-(-2H20  =  S+2H2S04;  and  that  the  electrode-potential  observed 
is  really  that  due,  not  to  the  conversion  of  sulfur  dioxide  into  sulfuric  acid, 
but  to  its  conversion  into  sulfur  (or  some  intermediate  reduction-product). 

3.  Structure  of  Crystalline  Substances  Determined  by  X-Rays 

Work  on  the  tetragonal  salt-hydrates  K2CuCl4.2H20,  (NH4)2CuCl4.2H20, 
and  Rb2CuCl4.2H20  by  Dr.  S.  B.  Hendricks  and  Dr.  R.  G.  Dickinson  has  been 
published. 

In  association  with  Dr.  Dickinson,  A.  C.  Bilicke  has  continued  the  inves- 
tigation of  /3-benzene  hexabromide  and  /8-benzene  hexachloride.  Values  of 
the  three  parameters  fixing  the  positions  of  the  halogen  atoms  have  been 
found  which  account  for  a  considerable  mass  of  data.  The  positions  of  the 
halogen  atoms  are  very  close  to  what  might  be  expected  for  molecules  con- 
taining a  cyclohexane  ring  of  carbon  atoms,  each  surrounded  tetrahedrally  by 
other  atoms. 

A.  M.  Ball  has  developed  a  technique  for  making  X-ray  powder  photo- 
graphs of  anhydrous  calcium  chloride.  Although  the  pattern  obtained  shows 
a  striking  similarity  to  that  expected  from  a  rutile  type  of  structure,  certain 
discrepancies  have  prevented  its  interpretation. 
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4.  Rates  of  Gaseous  Chemical  Reactions 

Continuing  the  program  outlined  in  previous  Year  Books,  experimental 
and  theoretical  work  on  reaction  velocities  has  been  continued  under  the 
general  direction  of  Professor  R.  C.  Tolman. 

Since  the  last  report,  Dr.  O.  R.  Wulf  has  completed  and  published  three 
articles  on  the  thermal  rate  of  decomposition  of  ozone,  and  its  temperature- 
coefficient.  It  now  seems  certain  that  at  100°  and  above,  with  suitable  pre- 
cautions, dilute  ozone  decomposes  homogeneously  and  at  a  rate  which  is  of 
the  second  order  with  respect  to  ozone  and  of  the  inverse  first  order  with 
respect  to  oxygen.  The  results  are  thus  in  agreement  with  the  earlier  careful 
experiments  of  Warburg  and  Jahn.  However,  theoretical  consideration  of 
the  temperature-coefficient  of  the  rate  shows  that  the  mechanism,  involving 
reaction  between  ozone  and  monatomic  oxygen,  proposed  by  Jahn  to  account 
for  these  facts  is  certainly  not  tenable  in  its  simple  form,  since  the  number  of 
collisions  between  ozone  molecules  and  oxygen  atoms  would  be  far  too  small 
to  account  for  the  observed  rate  of  reaction. 

M.  E.  Nordberg,  continuing  his  work  on  the  rate  of  decomposition  of  mix- 
tures of  ozone  and  nitrogen  pentoxide,  has  now  obtained  the  rate  at  more  than 
one  temperature  and  is  extending  the  work  to  include  rates  at  other  than 
atmospheric  pressure.  William  Ure  is  studying  the  rate  of  racemization  of 
pinene  in  the  presence  of  infra-red  radiation. 

On  the  theoretical  side,  Tolman,  Yost  and  Dickinson  have  published  a 
criticism  of  the  attempt  of  Fowler  and  Rideal  to  account  for  the  rate  of 
decomposition  of  nitrogen  pentoxide  by  assuming  activation  at  every  collision 
where  the  total  energy  of  the  two  colliding  molecules  is  sufficient.  Professor 
Tolman  has  now  completed  and  published  his  book  on  statistical  mechanics, 
together  with  three  lectures  on  statistical  mechanics  delivered  before  The 
Franklin  Institute.  Professor  Tolman  has  also  considered  the  equilibrium 
between  radiation  and  matter;  and,  without  using  the  third  law  of  thermo- 
dynamics, has  obtained  from  the  first  two  laws  of  classical  thermodynamics 
an  expression  for  the  number  of  atoms  in  equilibrium  with  radiation  at  any 
temperature,  of  the  same  form  as  the  Stern  expression,  but  with  an  unde- 
termined value  of  the  constant.  This  is  of  interest,  since  Stern's  method  of 
introducing  the  third  law  hardly  seems  justified  and  with  Stern's  value  of  the 
constant  the  result  appears  incompatible  with  astronomical  facts. 
5.  The  Mechanism  of  Carrier  Catalysis 

The  investigation  of  J.  M.  Carter  on  the  catalytic  reduction  of  perchloric 
acid  by  hydrobromic  acid,  with  trivalent  ruthenium  as  the  catalyst,  has  been 
continued  by  Dr.  W.  R.  Crowell,  who  has  determined  the  nature  of  one  of  the 
intermediate  compounds  of  ruthenium,  and  isolated  it.  Dr.  Crowell  has  also 
made  experiments  on  the  effect  of  osmium  compounds  in  catalyzing  the  same 
reaction. 

6.  Chemical  Reactions  Produced  by  Atoms  Activated  by  Radiation 

The  study  of  the  photochemical  decomposition  of  ammonia  in  the  presence 
of  mercury  vapor  sensitized  to  the  resonance  radiation  of  mercury  has  been 
continued  by  Doctors  R.  G.  Dickinson  and  A.  C.  G.  Mitchell.  From  the 
dependence  of  rate  of  decomposition  on  the  pressure  of  ammonia,  as  compared 
with  the  results  of  analogous  experiments  with  hydrogen,  it  appears  that 
collisions  of  ammonia  molecules  with  activated  mercury  atoms  are  compar- 
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atively  ineffective.  In  agreement  with  this,  small  amounts  of  hydrogen  were 
found  to  inhibit  the  ammonia  decomposition,  although,  in  agreement  with 
experiments  on  the  quenching  of  mercury  resonance  fluorescence,  even  larger 
amounts  of  nitrogen  or  argon  did  not  do  so.  A  parallelism  was  found  between 
the  rate  of  decomposition  and  the  ultra-violet  fluorescence  of  the  decomposing 
gas,  both  in  the  absence  and  presence  of  added  Irydrogen. 

A.  0.  Beckman  is  studying  the  photochemistr}'  of  gaseous  nitrogen- 
hydrogen  compounds.  Hydrazine  hydrate  has  been  found  to  be  decomposed 
by  wave-lengths  shorter  than  2,000  angstroms,  and  hydrogen  trinitride  by 
wave-lengths  shorter  than  2,200  angstroms.  With  the  latter  substance, 
ammonium  trinitride  has  been  found  among  the  decomposition  products. 
Apparatus  is  being  developed  for  the  identification  of  reaction-products  and 
the  accurate  measurement  of  quantum  efficiencies  of  photochemical  reaction 
in  the  ultra-violet,  using  monochromatic  radiation. 

Employing  a  modification  of  the  quartz-fiber  gage  previously  used  in  the 
study  of  ammonia  decomposition,  Dr.  R.  G.  Dickinson  has  made  preliminary 
experiments  on  the  oxidation  of  trichlorbrommethane  sensitized  to  blue  light 
by  bromine.  These  experiments  have  been  made  on  gases  at  comparatively 
low  pressures,  whereas  previous  experiments  had  been  on  liquids.  The 
reaction  has  been  found  to  take  place  in  the  gas  phase,  but  with  comparatively 
low  quantum  yield. 

7.  Chemical  Reactions  Produced  by  Molecules  Activated  by  Electron  Impact 

Chemical  reactions  induced  by  slow-moving  electrons  have  been  studied  by 
Dr.  G.  Glockler,  W.  P.  Baxter  and  R.  H.  Dalton.  Hydrogen  activated  by 
electron  impacts  has  been  found  to  reduce  copper  oxide  at  room  temperature, 
only,  however,  provided  the  energy  of  the  electrons  is  at  least  as  great  as  the 
resonance-potential  of  the  hydrogen  molecule.  Similar  researches  are  now  in 
progress  with  reference  to  the  reaction  of  oxygen  with  carbon  and  with  copper, 
and  of  nitrogen  with  copper.  As  a  preliminary  to  these  investigations,  there 
has  been  constructed  by  Dalton  and  Baxter  a  magnetic  filter  for  obtaining 
electrons  of  uniform  velocity.  As  this  involves  passing  them  through  small 
slits,  the  effect  on  the  velocity-distribution  caused  by  passage  through  a  small 
opening  has  been  studied;  and  it  has  been  found  that  covering  the  sides  of  the 
opening  with  lampblack  causes  the  electrons  to  retain  nearly  their  initial 
velocity-distribution. 

8.  Far  Infra-Red  Spectra 

The  investigations  in  the  extreme  infra-red  have  been  continued  by  Dr. 
R.  M.  Badger.  During  the  year  several  improvements  in  technique  have 
been  made.  These  include  a  new  source  of  radiation  and  a  special  form  of 
compensated  thermocouple  which  is  little  affected  by  disturbing  influences. 
A  satisfactory  sensitivity  has  been  attained  that  makes  actual  measurements 
possible.  One  investigation  which  has  been  completed  is  the  quantitative 
determination  of  the  integral  absorption-coefficient  for  one  of  the  lines  in  the 
pure  rotation  spectrum  of  hydrogen  chloride.  The  experimentally  deter- 
mined absorption-coefficient  is  found  to  be  much  smaller  than  that  predicted 
by  the  new  quantum  theories.  Other  investigations  now  in  progress  are  the 
determination  of  the  absorption  spectrum  of  ammonia  gas  in  the  far  infra-red, 
and  the  reflectivity  of  very  thin  metal  films  for  long  wave-lengths. 
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9.  X-Rat  Absorption  in  Relation  to  Valence 

A  program  of  research  on  the  effect,  discovered  by  A.  E.  Lindh,  of  valence 
on  the  position  of  the  X-ray  absorption  edges  in  chemical  compounds  has  been 
undertaken  by  Dr.  Don  M.  Yost.  This  study  may  make  it  possible  to  deter- 
mine the  effect  of  chemical  combination  in  changing  the  energies  of  the  outer 
electrons  that  take  part  in  the  formation  of  molecules.  A  Siegbahn  vacuum 
spectrograph  has  been  constructed  and  installed  for  the  purpose.  The  com- 
pounds of  iron,  titanium  and  sulfur  will  be  first  investigated. 

10.  Atomic  and  Molecular  Structure:  Theoretical 

A  theoretical  study  of  the  following  problems  concerning  atomic  and 
molecular  structure  has  been  made  by  Dr.  Linus  Pauling. 

The  influence  of  a  magnetic  field  on  the  dielectric  constant  of  a  diatomic 
dipole  gas,  such  as  hydrogen  chloride,  has  been  discussed  from  the  points  of 
view  of  the  old  quantum  theory  and  the  new  quantum  or  wave  mechanics: 
the  experimental  non-existence  of  a  positive  effect  predicted  only  by  the  old 
quantum  theory  is  shown  to  provide  an  argument  in  favor  of  the  wave 
mechanics. 

By  means  of  an  energy  screening-constant  obtained  from  the  experimentally 
determined  ionization-potential  for  helium,  the  electron-affinity  of  hydrogen 
has  been  predicted  to  be  —1800  cal.  per  mole.  This  value  has  since  been 
verified  by  Kasarnowsky,  who  found  by  a  thermodynamic  cycle  the  value 
—  1000  cal.  per  mole. 

With  the  aid  of  an  atomic  model  based  on  wave-mechanics  theory  values  of 
the  screening-constants  for  the  magnetic  ("relativistic")  X-ray  doublets  have 
been  calculated  and  found  to  agree  with  the  empirical  ones.  This  removes 
from  the  theory  of  the  spinning  electron  a  supposed  difficulty  raised  by 
Wentzel,  whose  calculations  have  been  shown  to  be  in  error. 

The  same  atomic  model  has  been  shown  to  permit  the  theoretical  prediction 
of  various  physical  properties  of  many-electron  atoms  and  ions.  The  so- 
obtained  values  of  the  mole-refraction  (polarizability),  diamagnetic  suscep- 
tibility, and  electron-distribution  for  a  great  number  of  atoms  and  ions  are  in 
general  agreement  with  the  existent  experimental  data,  and  in  many  cases 
provide  figures  not  otherwise  available.  Crystal  radii  of  ions  were  similarly 
obtained  and  shown  to  agree  with  the  interionic  distances  in  crystals  deter- 
mined by  X-rays,  and  to  be  of  importance  with  regard  to  the  relative  stabilities 
of  various  crystal  structures.  A  study  of  the  influence  of  the  ratio  of  cation- 
radius  to  anion-radius  on  the  physical  properties  of  ionic  crystals  has  also 
been  made,  leading  to  a  quantitative  explanation  of  the  irregularities  in  the 
interatomic  distances,  the  boiling-points,  and  the  melting-points  of  the  alkali 
halides  (previously  attributed  to  ionic  deformation),  and  explaining  the 
observed  axial  ratios  of  crystals  of  the  rutile  and  anatase  type. 

Professor  A.  A.  Noyes  and  A.  O.  Beckman  have,  with  the  aid  of  the  inter- 
pretations of  spectral  data  published  during  the  last  three  years,  prepared  and 
published  a  chart  showing  the  structure  of  atoms  in  relation  to  the  quantum 
states  and  energies  of  removal  of  the  electrons.  With  the  aid  of  the  chart 
and  data  they  have  studied  the  relations  that  exist  between  the  structure  of 
atoms  and  the  tendencies  of  elements  to  form  ions  in  crystals  and  solutions 
and  to  form  compounds  of  definite  valences. 
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Publications 
During  the  past  year  twenty-nine  articles  have  been  published,  mostly  in 
the  Journal  of  the  American  Chemical  Society,  describing  the  researches 
outlined  above  or  in  last  year's  Year  Book. 

Richards,  Theodore  W.,  Harvard  University,  Cambridge,  Massachusetts. 
Continuation  of  exact  investigation  of  atomic  weights  and  other  physico- 
chemical  properties  of  elements  and  of  simple  compounds.  (For  previous 
reports  see  Year  Books  Nos.  2-25.) 

The  following  investigations  have  been  in  progress  during  the  academic 
year,  some  of  them  continuations  of  work  begun  a  year  or  more  ago. 

Atomic  Weight  of  Caesium 
The  reasons  for  conducting  this  research  are  given  in  the  last  Report. 
Marcel  Francon  has  devised  a  new  method  of  purifying  compounds  of  caesium, 
which  has  given  excellent  results.  He  has  succeeded  in  obtaining  a  quantity 
of  very  pure  caesium  chloride,  of  which  he  has  already  made  careful  analyses. 
Although  they  are  not  wholly  completed,  these  analyses  appear  to  confirm  the 
former  results  for  the  atomic  weight.  If  this  proves  to  be  true,  the  conflicting 
results  of  the  mass  spectrograph  will  need  revision  or  reinterpretation. 

Specific  Heats  of  Alkaline  Solutions 
Dr.  Lawrence  P.  Hall  has  continued  both  experimentally  and  theoretically 
to  study  the  specific  heats  of  various  solutions  of  sodium  hydroxide.  He  has 
detected  several  slight  sources  of  error  in  earlier  results  and  has  now  succeeded 
in  drawing  up  a  definitive  table  of  exact  data  on  this  subject.  The  publica- 
tion of  earlier  results  has  been  deferred  awaiting  this  outcome,  but  is  now  in 
immediate  prospect. 

Heats  of  Dilution  and  Neutralization 
Beveridge  J.  Mair  has  continued  his  work  on  the  heats  of  dilution  of  various 
acid  and  salt  solutions;  especially  he  has  studied  acetic  and  citric  acids  and 
their  various  salts.  He  has  also  studied  the  heat  of  neutralization  of  these 
acids.  In  particular  he  has  found  that  on  extrapolating  the  heat  of  neutral- 
ization of  acetic  acid  by  a  smooth  almost  linear  curve  to  great  dilution,  essen- 
tially the  same  value  is  reached  as  is  obtained  from  strong  acids. 

Compressibility  of  Indium 
Joseph  D.  White,  in  completion  of  the  program  proposed  last  year,  has  still 
further  purified  his  large  specimen  of  the  rare  metal  indium,  testing  its  purity 
with  accurate  spectrographs.  He  has  made  final  determinations  of  its  com- 
pressibility as  well  as  of  the  compressibility  of  alloys  of  zinc  and  indium. 
This  work,  which  is  a  contribution  toward  the  preparation  of  the  metal  as 
well  as  toward  knowledge  of  its  compressibility,  is  now  being  prepared  for 
publication. 

Cadmium  Amalgams 

During  the  first  half  year  Dr.  Charles  E.  Teeter  jr.  made  a  further  test  of 
some  not  fully  decided  points  concerning  cadmium  amalgams  and  is  now 
preparing  his  final  account  of  this  research  which  will  soon  be  published. 
The  outcome  is  that  cadmium  amalgams  are  solid  solutions  rather  than 
definite  compounds. 
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Compressibilities  of  Elements  and  Alloys 

Dr.  Robert  F.  Mehl,  National  Research  Fellow,  together  with  Beveridge  J. 
Mair  worked  during  the  summer  and  part  of  the  academic  year  on  the  deter- 
mination of  the  compressibilities  of  a  number  of  metals  and  alloys  as  well  as 
of  the  element  tellurium.  The  results  are  highly  interesting  in  relation  to  the 
properties  of  these  various  substances,  and  are  especially  significant  in  their 
bearing  upon  the  internal  pressures  existing  in  them. 

Sherman,  H.  C,  Columbia  University,  New  York,  N.  Y.  Chemical  investi- 
gation of  the  amylases  and  related  enzymes.  (For  previous  reports  see  Year 
Books  Nos.  11-25.) 

The  studies  of  enzyme  adsorption  as  a  means  of  purification  of  pancreatic 
amylase  and  of  the  further  investigation  of  its  chemical  nature,  which  were 
briefly  outlined  in  our  last  report,  have  been  completed  and  were  published 
in  the  Journal  of  the  American  Chemical  Society  for  November  1926.  In  the 
course  of  these  studies,  we  have  repeated  the  work  of  Willstatter,  Wald- 
schmidt-Leitz  and  Hesse  and  confirmed  and  extended  their  findings  as  to  the 
behavior  of  this  enzyme  in  relation  to  certain  adsorbents,  but  have  refuted 
the  claim  that  their  method  results  in  a  higher  degree  of  purification  than 
had  previously  been  attained  by  the  method  developed  in  this  laboratory,  and 
have  shown  that  the  negative  evidence  which  they  offer  as  bearing  upon  the 
chemical  nature  of  the  enzyme  is  not  valid.  The  results  of  this  study  give 
added  evidence,  to  that  already  obtained  in  other  ways,  that  pancreatic 
amylase  either  is  protein  or  contains  protein  as  an  essential  constituent. 
This  is  shown  to  be  true  of  the  enzyme  as  purified  by  the  adsorption  method  of 
the  Munich  investigators,  as  well  as  of  that  purified  by  the  method  of  frac- 
tional precipitation  and  dialysis  as  previously  developed  in  this  laboratory. 

In  view  of  the  great  importance  of  establishing,  with  the  highest  possible 
certainty  and  precision,  the  chemical  nature  of  this  enzyme  and  the  best 
method  for  its  purification,  experiments  looking  to  a  combination  of  the  two 
methods  of  purification  above  mentioned  have  been  begun,  and  it  is  hoped 
that  this  phase  of  the  work  may  be  actively  developed  in  the  coming  year. 

Simultaneously  with  our  work  upon  pancreatic  amylase,  other  enzymes  are 
being  studied  in  other  laboratories,  with  similar  results.  Thus  the  purified 
pepsin  of  Fenger  and  Andrews,  the  malt  amylase  of  Luers  and  Sellner,  the 
aspergillus  amylase  of  Nishimura,  and  the  jack-bean  urease  of  Sumner  are  all 
reported  to  be  of  protein  nature.  The  mutually  accelerating  interest  and 
significance  of  these  findings  are  still  further  accentuated  by  the  fact  that 
insulin,  glutathione,  epinephrin  and  thyroxin  appear  to  be  of  such  chemical 
natures  as  to  indicate  that  they  are  probably  derivatives  of  the  amino  acids 
which  result  from  the  enzymic  hydrolysis  of  proteins  in  the  body.  Hence  it 
appears  that,  directly  or  indirectly,  proteins  furnish  the  materials  not  only 
for  the  building  and  upkeep  of  body  tissues  in  the  ordinary  sense,  but  also  for 
the  production  of  the  enzymes  and  hormones  which  so  catalyze  the  cleavage 
and  oxidation  of  organic  foodstuffs  as  to  make  these  reactions  proceed  with 
sufficient  rapidity  for  the  support  of  life  processes.  Confirmation  and 
extension  of  this  general  indication,  as  to  the  chemical  natures  and  nutri- 
tional antecedents  of  the  organic  catalysts  essential  to  both  plant  and  animal 
life,  are  matters  of  far-reaching  significance  to  our  understanding  of  the 


CHEMISTRY  303 

chemistry  of  life  processes.  In  order  that  our  present  project  may  contribute 
both  as  directly  and  as  broadly  as  possible  to  the  development  of  this  general 
field,  we  are  seeking  to  extend  our  knowledge  both  of  the  chemical  make-up 
and  of  the  chemical  behavior  of  the  amylases  and  related  enzymes  with  which 
this  investigation  deals. 

The  quantitative  study  of  the  factors  influencing  the  enzymic  activities  of 
pancreatic  and  malt  amylases  has  been  continued  and  extended  with  very 
gratifying  results.  One  phase  of  this  work,  that  dealing  with  the  establish- 
ment of  the  optimal  hydrogen  ion  activities  for  the  enzymic  hydrolysis  of 
starch  by  these  amylases  under  varied  conditions  of  time  and  temperature, 
has  been  completed  and  accepted  for  publication  in  the  August  issue  of  the 
Journal  of  the  American  Chemical  Society.  As  has  been  pointed  out  in 
previous  reports,  the  development  of  our  investigation  made  it  important  to 
know  and  to  be  able  experimentally  to  establish  and  maintain  the  reaction 
most  favorable  to  the  activity  of  each  enzyme  under  investigation  throughout 
a  wider  range  of  time  and  temperature  than  is  involved  in  the  determination 
of  so-called  diastatic  powers  for  which  conditions  only  had  optimal  hydrogen 
ion  activities  been  established  in  the  course  of  the  earlier  work  in  this  labora- 
tory. Hence  in  the  work  which  we  have  just  completed,  the  activity  of  the 
enzymes  was  measured  in  periods  of  one-half  to  two  hours  at  10°  intervals 
from  30°  to  70°  C.  Measurements  with  both  pancreatic  and  malt  amylases 
were  made  in  the  presence  of  phosphate  which  undoubtedly  is  present  in  the 
environments  in  which  these  enzymes  function  in  nature.  In  the  case  of  malt 
amylase,  measurements  were  also  made  in  the  presence  of  acetate  which  is  a 
better  buffer  in  the  region  of  hydrogen  ion  activities  in  which  this  enzyme  is 
most  active.  The  solutions  were  adjusted  electrometrically  to  a  systematic 
series  of  hydrogen  ion  activities  at  close  intervals  from  pH  4.0  to  pH  6.0  for 
malt  amylase  and  from  pH  6.3  to  pH  7.7  for  pancreatic  amylase.  The 
hydrogen  ion  activity,  pH  7.0  to  7.2,  which  had  previously  been  found  to 
afford  the  optimal  conditions  for  the  activity  of  pancreatic  amylase  at  40° 
was  also  found  to  favor  the  optimal  activity  of  this  enzyme  at  30°  and  50°, 
but  at  60°  a  slight  change  was  measureable  and  the  optimal  activity  was 
found  in  solutions  of  pH  6.7  to  6.9.  With  malt  amylase  the  influence  of 
heat  upon  the  optimal  reaction  for  the  enyzmic  activity  was  found  to  be 
different  in  the  presence  of  phosphate  from  that  in  the  presence  of  acetate. 
Thus,  this  enzyme  exerts  its  optimal  activity  at  different  hydrogen  ion 
activities  (at  pH  4.4  to  5.0  at  30°  and  40°,  at  pH  4.6  to  5.0  at  50°,  at  pH  5.2  to 
5.5  at  60°,  and  at  pH  5.3  to  5.8  at  70°)  when  acting  in  the  presence  of  0.06 
molar  phosphate  mixtures;  whereas,  in  the  presence  of  0.01  molar  acetate- 
acetic  acid  mixtures,  it  exerts  its  optimal  activity  in  solutions  of  the  same 
hydrogen  ion  activity  (pH  4.6  to  4.8)  at  the  different  temperatures.  From  the 
standpoint  of  accurate  investigation  of  enzyme  action,  the  results  of  this  work 
indicate  that  the  factors  which  induce  optimal  enzyme  activity  are  even  more 
dependent  upon  each  other  than  has  previously  been  realized  and  that  none  of 
them  should  be  regarded  as  fixed  if  any  of  the  others  is  changed. 

Another  important  phase  of  the  study  of  factors  which  influence  the 
enzymic  activity  of  amylases,  and  which  is  of  fundamental  interest  in  the 
investigation  of  their  nature  and  mode  of  action,  is  that  which  deals  with  the 
effects  of  different  electrolytes.  As  a  part  of  the  present  investigation,  pan- 
creatic amylase  has  been  studied  with  reference  to  the  influence   first   of 
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"buffer"  and  then  of  "neutral"  salts.  In  each  case  various  concentrations  of 
the  electrolytes  were  tested  and  each  studied  at  hydrogen  ion  activities  ad- 
justed to  close  intervals.  After  having  established  the  best  conditions  for  the 
enzymic  activity  in  the  presence  of  each  electrolyte,  parallel  comparisons 
under  the  best  conditions  for  each  were  made. 

The  sodium  salts  of  acetic,  boric,  citric  and  phosphoric  acids  were  studied 
in  the  presence  of  0.05  molar  sodium  chloride  and  no  measurable  influence 
of  these  salts  was  observed  in  half -hour  experiments  at  40°  if  the  hydrogen  ion 
activities  of  the  solutions  were  suitably  adjusted  in  each  case.  The  results  so 
far  obtained  indicate  that  the  favorable  or  unfavorable  influences  upon  the 
activity  of  pancreatic  amylase  hitherto  attributed  to  these  salts  were  due  to 
their  influence  upon  the  hydrogen  ion  activities  of  the  solutions  rather  than 
to  any  specific  effects  of  the  salts  themselves.  Whether  a  more  rigorous 
treatment  of  the  enzyme  at  higher  temperatures  or  for  longer  intervals  might 
make  some  specific  influence  appreciable  is  still  to  be  determined. 

The  influence  of  certain  neutral  salts  including  sodium  and  potassium 
chlorides  and  the  chlorate,  bromide,  nitrate  and  sulfate  of  sodium  has  also 
been  studied.  Here  the  results  confirm  the  findings  previously  obtained  in 
this  and  other  laboratories  that  some  electrolyte  is  necessary  to  the  activity  of 
pancreatic  amylase.  These  salts  were  found  to  exert  marked  effects  on  the 
enzymic  activity,  the  influence  depending  upon  the  salt  used  and  upon  its 
concentration  and  the  hydrogen  ion  activity  of  the  system  in  which  it  was 
observed.  In  direct  comparisons  of  the  influence  of  these  salts,  each  at  its 
optimal  concentration  and  hydrogen  ion  activity,  it  was  found  that  the 
activity  of  pancreatic  amylase  was  greatest  in  the  presence  of  sodium  or 
potassium  chloride  and  that  the  activity  was  less,  about  77  per  cent,  40  per 
cent,  or  27  per  cent  of  this,  in  the  presence  of  sodium  bromide,  sodium 
nitrate,  or  sodium  chlorate  respectively.  Sodium  sulfate  did  not  appear  to 
have  any  activating  influence.  For  each  concentration  of  each  salt  there  is  an 
optimal  hydrogen  ion  activity  for  the  optimal  enzymic  activity  and  when 
different  concentrations  of  a  given  salt  are  compared,  each  at  its  optimal 
hydrogen  ion  activity,  it  is  found  that  the  enzymic  activity  increases  to  a 
maximum  with  increasing  salt  concentration  until  a  point  of  apparently  com- 
plete activation  is  reached.  The  concentrations  necessary  to  cause  complete 
activation  of  the  enzyme  were  found  to  differ  with  the  salt,  but  when  enough  of 
a  given  salt  was  present  to  fully  activate  the  enzyme  the  optimal  hydrogen  ion 
activity  for  the  activity  of  pancreatic  amylase  was  practically  the  same  for  all 
the  salts  considered  here. 

The  outstanding  feature  of  the  work  with  neutral  salts  thus  far  is  the  marked 
specific  activating  effect  of  sodium  and  potassium  chlorides  upon  pancreatic 
amylase. 

Further  studies  of  the  influence  of  different  salts  "upon  the  activity  of  this 
enzyme  are  now  approaching  completion  and  the  results  will  be  included  in 
out  next  report. 

The  efficient  collaboration  of  those  who  have  shared  in  this  work,  whether 
as  research  assistants  or  volunteers,  js  gratefully  acknowledged. 
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Clements,  F.  E.,  Santa  Barbara,    California.     Associate   in   Ecoloyy.     (For 
previous  reports  see  Year  Books  Nos.  18-25.) 

ECOGENESIS 

Adaptation,  by  F.  E.  Clements,  Charles  Whitfield  and  Linton  Gardner 

The  general  inquiry  into  the  problem  of  adaptation  includes  within  its  scope 
the  projects  of  transplants  and  acclimatization,  as  well  as  the  direct  response 
to  an  efficient  factor,  but  the  former  are  considered  in  the  succeeding  sections. 
In  nature  the  response  to  shade,  to  water-content  or  to  the  efficient  factors  in 
altitude  is  so  regular  and  complete  that  the  resulting  ecads  bear  the  indelible 
impress  of  the  habitat.  In  consequence,  a  series  of  cultures  and  transects 
was  installed  to  test  the  uniformity  of  the  response  to  water  or  light  in  terms 
of  both  survival  and  modification.  At  Samta  Barbara  27  species,  mostly 
annuals,  were  sown  in  transects  running  from  deep  shade  through  half  shade 
to  full  sun.  Fifteen  of  these  were  also  sown  in  competition  cultures,  each 
with  a  density  of  4,  16,  64  and  256  to  the  respective  quadrats,  and  the  same 
species  were  grown  in  cloth  shade-tents,  which  afforded  three  light  in- 
tensities. At  the  Alpine  Laboratory  series  of  adaptation  quadrats  were 
established  at  altitudes  of  6,000,  8,500  and  12,000  feet,  and  in  both  sun  and 
shade  at  the  middle  station.  Finally,  shade-tents  were  employed  for  inversion 
effects  upon  the  climax  vegetation  in  the  alpine  zone. 

The  species  emp^ed  included  both  annuals  and  perennials,  and  cultivated 
as  well  as  native  ones.  The  taxonomic  range  was  wide,  comprising  a  con- 
siderable number  of  composites  and  several  grasses.  The  majority  of  the 
perennials  were  divided  into  clones  to  provide  uniform  material  throughout 
the  sun-shade  series,  and  pedigreed  seed  was  employed  in  the  case  of  Helianthus 
and  Datura. 

Owing  to  the  excessive  rainfall  at  both  Santa  Barbara  and  the  Alpine 
Laboratory,  the  response  to  light  in  all  series  was  much  more  striking  than 
that  to  water.  Growth,  form  and  flowering  in  the  shade-sun  transect  were 
naturally  influenced  by  the  normal  habitat  of  each  species,  such  species  as 
Nemophila  aurita  enduring  deep  shade  much  better  than  those  of  sunny 
habitats.  On  the  other  hand,  xeroid  species  such  as  Mentzelia  aurea  grew 
best  in  the  sun,  nearly  as  well  in  the  half -shade,  but  poorly  in  full-shade.  The 
majority  of  species  made  the  best  growth  in  half -shade  and  fell  off  toward 
both  extremes  of  light.  The  mode  was  graphically  exhibited  in  the  transect 
for  each  species,  the  curve  of  height  rising  gradually  from  zero  in  the  densest 
shade  to  2  to  4  times  this  average  in  the  half-shade  and  then  falling  to  zero 
again  at  the  edge  of  the  sun  area.  Size  and  number  of  leaves  and  of  flowers, 
as  well  as  color  and  pubescence,  were  closely  correlated  with  height.  Shade 
species,  such  as  Nemophila,  yielded  a  maximum  in  dense  shade  and  the  curve 
fell  to  zero  in  the  sun,  while  Mentzelia  gave  just  the  inverse  curve.  Stipa 
setigera  produced  panicles  only  in  the  middle  or  half-shade  third,  the  height 
falling  off  equally  toward  both  extremes.  The  average  light  intensities  for 
the  three  sections  of  the  transect  were  5,  20  and  100  per  cent. 

Concordant  results  in  every  respect  were  obtained  in  the  competition 
cultures,  and  these  were  in  harmony  with  the  extensive  series  of  such  experi- 
ments at  Lincoln  during  the  past  four  years.  The  light  values  ranged  from  4 
per  cent  in  the  quadrat  with  256  plants  to  7  per  cent  in  the  64's,  15  per  cent  in 
the  16's  and  100  per  cent  in  the  4's,  while  the  water-content  increased  in  the 
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same  direction.  The  average  height  of  Mentzelia  aurea  decreased  in  the  same 
sequence  from  32,  26,  24  to  22  inches,  and  the  width  increased  from  10  to  21 
inches.  The  suppressed  individuals  in  the  256-quadrat  averaged  8  inches  tall 
and  2  mm.  in  stem  diameter  in  Contrast  to  32  inches  and  15  mm.  for  the  dominant 
ones  around  the  edge;  they  were  mostly  1-2-flowered  and  the  flowers  averaged 
less  than  a  third  the  size.  The  behavior  was  consistently  the  same  in  the 
other  cultures.  Shade-tents  producing  light  values  of  0.03  gave  equally 
striking  effects  with  alpine  species,  the  plants  being  twice  as  tall,  the  flowers 
larger  and  the  flowering  period  delayed  a  month  beyond  that  in  the  open. 

Method  of  Adaptation  Transplants,  by  F.  E.  Clements,  C.  W.  Penland,  Charles 

Whitfield  and  Linton  Gardner 

Transplants  were  first  made  at  Pikes  Peak  in  1900  in  consequence  of  Bon- 
nier's  experiments  in  the  Alps,1  with  the  object  of  testing  his  conclusion  that 
alpine  dwarfing  was  caused  by  the  greater  intensity  of  alpine  sunshine.  Con- 
trol experiments  were  added  the  next  year,  but  were  interrupted  after  five 
years  2  and  the  main  project  was  not  resumed  until  1918  with  the  organization 
of  the  work  in  Ecological  Research.  It  was  then  carried  on  for  two  years  at 
the  Alpine  Laboratory  as  a  joint  project  with  adaptation  and  experimental 
taxonomy  as  the  major  objectives,  after  which  it  was  differentiated  into  the 
two  projects,  the  latter  being  concentrated  at  Berkeley  and  in  the  Sierran 
Transect  (p.  311).  The  field  has  been  steadily  extended  and  the  methods 
improved  during  the  past  ten  years.  These  have  been  recorded  in  the 
various  Year  Books,  but  the  most  important  details  are  included  with  the 
recent  advances  in  reply  to  requests  from  those  beginning  similar  studies. 
The  application  of  the  transplant  method  to  fungi  and  mosses  is  discussed  in  a 
later  section  (p.  314). 

The  materials  for  transplanting  have  been  drawn  almost  wholly  from  native 
species  that  produce  ecads  readily,  from  those  segregated  in  recent  years, 
from  closely  related  but  accepted  species  of  different  habitats  or  climates, 
and  from  plastic  species  in  general  and  hydrophytes  in  particular.  Grasses 
have  afforded  especially  good  results,  in  spite  of  the  apparent  stability  of  the 
plant-body.  The  individuals  have  been  selected  by  groups  that  are  repre- 
sentative and  uniform  in  appearance  or  as  large  parent  plants  capable  of 
being  divided  into  clones  in  multiples  of  5.  This  number  corresponds  with 
the  basic  series  of  stations,  three  climatic— plains,  montane  and  alpine,  and 
three  edaphic  in  the  montane  climate.  Seedlings  have  been  drawn  from  both 
open  and  closed  pollination,  about  twoscore  species  having  been  selfed  during 
1927.  In  addition,  seed  of  known  parentage  has  been  contributed  by  Dr. 
Blakeslee  for  Datura,  and  by  Professors  Emerson  and  Wiggans  for  Helianthus, 
and  pedigreed  plants  of  Phleum  for  clones  by  Dr.  Morgan  Evans.  In  obtain- 
ing transplants  from  the  field,  establishing  both  these  and  seedlings,  and  in 
transferring  them  to  new  habitats,  it  has  been  necessary  to  improve  upon  the 
best  nursery  practice,  owing  to  the  greater  demands  of  native  species  in  com- 
parison with  cultivated  ones.  Shading  during  transport,  the  period  of 
establishment  in  the  pots  and  in  the  final  transplant  garden  is  regular  pro- 
cedure, while  complete  root-systems  in  the  original  soil-block  and  in  the 
transfer  pots  are  essential  to  the  best  results. 

The  factors  of  the  habitat  are  measured  in  the  major  stations  by  means  of  a 
complete  battery  of  recording  instruments  for  light,  humidity,  temperature 
and  wind,  with  simple  instruments  for  water-content,   evaporation,  etc. 

1  G.  Bonnier,  Cultures  experimentales  dans  les  Alpes,  Rev.  Gen.  Bot.,  2,  514  (1890). 

2  F.  E.  Clements,  Research  methods  in  ecology  (1905). 
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(p.  315).  The  phytometer  is  indispensable  in  evaluating  such  factors  as  light, 
water  and  temperature  in  relation  to  growth,  stomatal  behavior,  transpira- 
tion, photosynthesis  and  respiration.1  It  also  furnishes  standard  or  duplicate 
plants  under  varying  degrees  of  control  for  the  measurement  of  functions  in 
the  habitat  as  a  requisite  to  the  interpretation  of  the  adaptations  produced. 

A  consistent  endeavor  has  been  made  to  render  the  system  of  vouchers  and 
records  as  complete  and  accurate  as  possible.  The  original  group  or  area  is 
designated,  and  two  or  three  specimens  are  selected  to  serve  as  vouchers. 
These  are  first  photographed  by  means  of  a  naturalist's  camera  and  are  then 
pressed  and  dried.  A  group  of  ten  controls  is  also  transferred  to  the  main 
garden  in  the  climate  concerned,  to  constitute  a  living  record  of  the  stock 
employed  and  at  the  same  time  make  it  possible  to  evaluate  the  effect  of  com- 
petition. Whenever  it  is  feasible,  the  natural  ecads  are  obtained  at  the  same 
time,  photographed  with  the  transplant  vouchers  and  likewise  made  into 
exsiccati.  Similar  vouchers  are  obtained  year  by  year  as  the  transplants  are 
modified  in  the  respective  habitats  and  these  are  photographed  with  replicate 
vouchers  of  the  originals  when  the  flowering  periods  overlap.  No  modified 
transplants  have  as  yet  been  returned  to  their  original  home,  but  a  similar 
procedure  is  to  be  followed  when  this  is  done. 

The  written  record  is  based  upon  a  comprehensive  system  of  numbering, 
which  articulates  transplant  with  control,  voucher,  photograph  and  record- 
card.  Each  garden  has  its  diagram  that  shows  the  position,  number  of  plants 
of  each  species,  their  condition,  etc.,  and  is  recharted  year  by  year.  Each 
species  group  has  a  label-stake  that  bears  the  name  and  number,  while  each 
clone  is  wired  with  a  numbered  wooden  label.  A  method  of  number- 
ing has  been  devised  which  indicates  at  a  glance  the  year,  source,  destina- 
tion, habitat,  group  or  parent  of  each  transplant,  and  is  readily  carried 
in  mind.  It  also  permits  fairly  unlimited  expansion  as  the  project  develops, 
since  the  numbers  are  thus  similar  for  each  species. 

The  three  major  transplant  regions  are  at  Pikes  Peak,  the  Yosemite  and 
Santa  Barbara.  The  first  or  Petran  transect  extends  from  the  mixed  prairie 
of  the  Great  Plains  at  6,000  feet  to  alpine  sedgeland  on  the  summit  of  Pikes 
Peak,  with  groups  of  habitat  gardens  in  each  of  the  main  climates.  The 
Sierran  transect  comprises  stations  at  Montara  and  Berkeley,  California,  but 
has  its  chief  development  in  the  montane,  subalpine  and  alpine  zones  of  the 
Sierra  Nevada.  The  transplant  gardens  at  Santa  Barbara  are  located  in 
dune  and  marsh  areas  along  the  sea-shore,  in  canyon  at  middle  altitudes,  in 
the  montane  zone,  and  in  desert  valley  beyond  the  range. 

Each  year  the  evidence  increases  to  show  that  adaptation  is  a  cumulative 
process  with  many  species,  especially  those  first  regarded  as  stable  perennials. 
With  annuals  and  plastic  perennials,  pronounced  changes  may  occur  the 
year  after  transfer,  and  they  regularly  ensue  in  the  course  of  a  few  years  under 
sufficiently  extreme  conditions.  As  a  rule,  changes  from  sun  to  shade  and 
from  lower  to  higher  altitudes  produce  effects  more  rapidly,  apparently  as  a 
result  of  reduced  photosynthesis.  Practically  all  the  species  transplanted  from 
the  plains  and  montane  climates  have  experienced  marked  reduction  in  the 
alpine  region,  the  dwarfing  usually  affecting  all  the  parts.  Similarly,  alpine 
species  transplanted  to  the  shade  gardens  of  the  montane  zone  have  usually 
shown  distinct  changes  within  a  year  or  two.  Especially  satisfactory  have 
been  such  species  as  Achillea  millefolium  with  an  alpine  segregate,  A.  alpina, 
or  the  reverse.  The  presence  of  such  forms  is  a  definite  indication  of  plas- 
ticity, with  the  consequence  that  each  is  modified  readily  into  the  other 
morphologically  when  they  are  reciprocally  exchanged.     This  occurs  regu- 

•F.  E.  Clements  and  G.  W.  Goldsmith,  The  phytometer  method  in  ecology  (1924). 
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larly  when  the  individuals  are  placed  in  gardens  with  competition  eliminated, 
but  the  endeavor  to  make  such  transfers  in  the  natural  vegetation  has  met 
with  little  success,  owing  to  the  high  mortality. 

Among  the  outstanding  modifications  of  the  past  year  have  been  those 
within  the  genus  Mertensia,  in  which  lanceolata,  pratensis  and  sibirica  represent 
three  relations  to  water-content.  Transplants  of  the  former  are  indistin- 
guishable from  natives  or  controls  of  pratensis,  and  those  of  the  latter  are 
identical  in  appearance  with  individuals  of  sibirica.  Mertensia  alpina  has 
been  much  modified  in  both  montane  shade  and  in  the  plains  garden;  in  the 
latter  the  plants  suggest  its  derivation  from  lanceolata.  The  most  complete 
series  of  responses  to  light  has  been  obtained  with  two  apparent  varieties  of 
Rosa  acicularis,  namely,  engelmanni  and  sayi,  growing  respectively  in  moist 
fir  forests  and  on  dry  gravel-slides.  These  were  transplanted  into  the  recip- 
rocal habitats  by  Dr.  Hall  in  1919,  and  both  forms  were  also  transferred  to 
sun,  half-shade  and  full-shade  gardens  in  1924.  In  the  shade  gardens  they 
are  practically  indistinguishable,  while  they  are  closely  similar  in  the  sun. 
Transplants  of  sayi  have  changed  slowly  in  moderate  shade,  but  those  of 
engelmanni  are  identical  in  size,  habit,  leaves  and  prickles  with  neighboring 
sayi.  Changes  in  fruit  have  occurred  for  the  first  time,  subglobose  growing  in 
the  same  cluster  with  ovoid  and  elliptic  ones. 

Unexpected  success  has  been  obtained  with  the  clones  of  alpine  species, 
particularly  during  the  past  two  summers.  It  was  assumed  that  these  would 
grow  slowly  for  a  year  or  more,  and  that  modification  would  be  correspondingly 
retarded.  On  the  contrary,  they  were  fully  established  by  the  beginning  of 
the  second  season  and  exhibited  much  change  in  a  number  of  species,  e.g., 
Artemisia  scopulorum,  A.  patter soni,  Erigeron  unifiorus,  Gentiana  frigida, 
Trifolium  dasyphyllum,  and  others.  More  important  than  the  actual  changes, 
however,  was  the  uniformity  of  behavior  shown  by  clones  from  the  same  parent, 
from  different  parents  of  the  same  lot  and  of  different  lots,  and  complete  in- 
dividuals transplanted  in  groups  and  originally  selected  for  their  uniformity. 

Acclimatization  Gardens,  by  F.  E.  Clements,  H.  M.  Hall,  J.  E.  Weaver,  C.  W. 
Penland,  J.  V.  G.  Loftfield,  A.  G.  Vestal,  B.  C.  Tharp,  H.  T.  Darlington 
and  M.  W.  Evans. 

The  third  major  project  based  upon  the  transplant  method  is  that  of  accli- 
matization. All  transplanting  into  native  vegetation  of  a  different  climax  has 
this  value,  and  this  is  true  in  some  degree  for  control  gardens  in  nature.  Apart 
from  these  collateral  values,  a  number  of  areas  have  been  employed  since  1919 
for  direct  studies  of  this  sort.  The  most  complete  series  was  that  extending 
through  the  three  grassland  associations  from  eastern  Nebraska  to  eastern 
Colorado,  upon  which  Experimental  Vegetation  was  based.  Similar  stations 
have  been  maintained  in  subclimax  and  true  prairie  in  connection  with  the 
competition  project.  During  the  same  period  reciprocal  transplants  were  made 
between  Colorado  and  California,  and  extensive  transfers  of  grass  dominants 
were  made  from  the  grass  margin  of  the  Colorado  Desert  to  the  grazing  ex- 
closures  at  Grand  Canyon,  Williams  and  Seligman.  Dominants  and  sub- 
dominants  from  the  mixed  prairie  at  Colorado  Springs  have  been  established 
at  various  altitudes  on  Pikes  Peak  along  the  xerocline  pathway  followed  by 
this  climax  during  changes  of  the  climatic  cycle. 

Several  new  stations  for  acclimatization  studies  have  been  installed  during 
the  past  two  years.  The  most  extensive  of  these  is  the  Blaksley  Botanic  Gar- 
den at  Santa  Barbara.  This  is  located  in  Mission  Canyon  where  the  stream 
has  cut  a  deep  gorge  in  an  outlying  ridge  of  the  Santa  Inez  Range.  The 
slopes  are  warm  and  frost-free,  while  the  canyon  is  unique  in  having  a  peren- 


ECOLOGY  309 

nial  stream  and  a  correspondingly  marked  cold-air  drainage.  The  slopes  are 
occupied  by  oak  woodland  and  bunch-grass  prairie,  the  rocky  ridges  by  chapar- 
ral with  a  fringe  of  sagebrush,  and  the  canyon  by  streamside  trees  such  as 
Alnus,  Platanus  and  Umbellularia.  Since  these  are  associates  of  Sequoia 
sempervirens,  it  seemed  probable  that  this  community  could  be  reconstructed 
in  the  gorge.  This  assumption  later  received  strong  support  from  the  finding 
of  fossil  Sequoia  in  Pleistocene  asphalt  pools  less  than  15  miles  distant  at 
Carpinteria  (p.  336).  Redwoods  and  the  associated  shrubs  have  been  planted 
and  it  is  expected  to  develop  the  herbaceous  layers  as  the  shade  increases.  The 
lower  portion  of  the  canyon  is  devoted  to  a  community  group  of  Sequoia 
gigantea  with  its  associates  of  the  montane  forest,  while  oakwoods,  chaparral, 
sagebrush  and  prairie  are  being  planted  not  only  with  species  typical  of  them 
in  California,  but  also  with  close  relatives  from  other  climates.  These  re- 
constructed and  augmented  communities  are  expected  to  contribute  experi- 
mental results  for  building  the  foundation  of  paleo-ecology,  as  well  as  to  yield 
direct  values  for  acclimatization. 

Additional  gardens  have  been  established  at  Santa  Barbara  for  life-history 
studies  of  the  grasses  of  the  various  associations,  and  a  reciprocal  group  is 
planned  for  the  eastern  edge  of  the  grassland  formation  at  Lincoln.  A  prairie 
community  is  under  construction  at  Palo  Alto  in  connection  with  bunch- 
grass  exclosures  on  Jasper  Ridge.  An  acclimatization  garden  has  been  started 
on  Pikes  Peak  for  alpines  from  other  Colorado  peaks  and  from  alpine  summits 
of  North  America  and  Eurasia.  Finally,  reciprocal  plantings  with  Colorado 
and  California  have  been  made  in  the  botanic  gardens  at  East  Lansing, 
Michigan,  and  at  Austin,  Texas,  while  similar  transfers  of  Phleum  pratense  and 
alpinum  have  been  made  between  Ohio  and  Pikes  Peak. 

Experimental  Morphogeny,  by  F.  E.  Clements,  F.  C.  Bowman  and 

Edith  S.  Clements 

Practically  all  the  studies  in  this  field  during  the  year  have  been  carried  out 
in  the  control  garden  at  Santa  Barbara,  Frasera  speciosa  being  the  only  plant 
manipulated  intensively  at  the  Alpine  Laboratory.  Seventy  species  were 
followed  in  detail  in  connection  with  the  appearance  of  natural  and  artificial 
"sports"  or  terads,  and  many  of  these  were  grown  for  the  second  generation, 
some  from  both  open  and  selfed  seeds.  The  following  species  were  especially 
prolific  of  deviations,  the  number  ranging  from  4  to  11 :  Bidens  pilosa,  Helian- 
thus  annuus,  Plantago  lanceolata,  Verbascum  blattaria,  Clarkia  elegans,  C. 
pulchella,  Gilia  densiflora,  G.  tricolor  and  Phacelia  parryi.  Probably  the  most 
illuminating  results  have  been  obtained  with  Plantago  lanceolata,  two  similar 
and  typical  plants  of  which  were  transplanted  from  a  roadside  to  the  garden 
in  1925.  They  were  left  without  cultivation,  but  the  seedlings  grown  from 
them  in  1926  were  tilled  and  watered  and  subjected  to  considerable  competi- 
tion. The  adults  became  greatly  "overgrown,"  reaching  a  height  nearly 
thrice  that  of  field  plants  and  bearing  dense  rosettes  of  very  large  leaves. 
Some  of  the  plants  bore  a  central  spike  with  a  cluster  of  small  ones  at  the  base, 
others  bore  a  cluster  of  leaves  resembling  an  involucre,  and  still  others  showed 
a  marked  tendency  to  become  unisexual.  Open  seed  was  collected  from  the 
various  terads  and  adult  plants  of  each  were  transferred  to  a  new  bed  to 
reduce  the  competition.  In  1927  no  involucrate  heads  were  borne  by  the 
latter,  but  one  or  two  plants  yielded  only  large,  greatly  compounded  spikes, 
while  another  produced  only  spikes  with  pistillate  flowers  for  a  time  and  then 
an  occasional  spike  with  staminodes  also.  Seed  from  plants  of  1926  with 
much  elongated  spikes  or  those  leafy  at  the  tip  gave  only  normal  individuals, 
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except  for  a  few  doubled  spikes,  while  those  with  involucrate  spikes  exhibited 
but  two  such  in  1,200.  However,  a  new  terad,  an  umbel  of  5  separate  spikes, 
appeared  in  this  progeny,  and  there  was  tendency  for  all  beds  to  produce  a 
form  with  small  yellow  stamens  containing  but  a  small  amount  of  pollen. 
Seed  from  extremely  compound  spikes  yielded  129  such  spikes  out  of  1,200, 
practically  all  of  these  on  7  plants  out  of  a  hundred.  When  spikes  were 
extremely  compounded,  all  the  spikes  of  a  plant  were  of  this  sort,  but  mere 
double  or  slightly  compound  clusters  were  restricted  to  one  or  two  on  normal 
plants. 

Variations  in  the  number  plan  of  Verbascam  blattaria  have  been  followed  in 
great  detail  for  two  years,  and  one  generation  has  been  obtained  from  terad 
parents.  In  1926  flowers  with  6-parted  corollas  were  borne  on  the  main  axis 
and  they  were  produced  more  abundantly  during  foggy  periods.  Plants  sown 
in  the  spring  of  1926  that  did  not  bloom  until  1927  became  unusually  large 
and  vigorous,  and  produced  more  6-parted  flowers  than  any  others,  the  major- 
ity of  such  flowers  appearing  in  the  lower  third  of  the  spikes,  both  the  main 
axis  and  laterals.  Removing  the  upper  two-thirds  of  the  main  spike  increased 
the  number  of  sixes,  as  did  also  removing  the  two  lateral  buds  of  each  cluster 
of  three.  The  first  five  days  of  blooming  yielded  8  times  as  many  terad  as 
normal  flowers.  By  June  14,  a  month  later,  the  main  axis  had  practically 
ceased  producing  terads,  but  half  of  the  50  or  more  flowers  opening  each  day 
on  the  laterals  were  6-parted.  After  this  time,  the  number  and  percentage 
of  the  "sixes"  fell  rapidly,  flowering  ceasing  by  the  middle  of  July.  Through- 
out both  seasons,  the  production  of  such  flowers  was  increased  by  factors  of 
light  and  water  that  promoted  growth,  and  it  was  significant  of  the  times  and 
of  the  portions  of  the  plant  in  which  nutrition  was  greatest. 

Hybridization  in  Nature,  by  C.  W.  Penland  and  F.  E.  Clements 

A  large  number  of  species  have  been  examined  during  the  year  in  further 
testing  the  hypothesis  that  a  high  percentage  of  imperfect  pollen-grains  indi- 
cates hybridization,  as  a  part  of  the  project  on  the  occurrence  of  hybrids  in 
native  floras.  Approximately  125  species  have  been  utilized,  with  the  excep- 
tion of  a  few  escaped  plants,  all  natives  or  natives  recently  introduced  into 
cultivation.  Most  of  these  belong  to  the  Colorado  flora,  only  Gilia  and 
Phacelia  of  California  being  included  in  the  present  list.  So  far  as  known, 
this  method  has  never  before  been  employed  with  an  entire  flora,  though 
Rosenberg,  Jeffrey,  Babcock  1  and  others  have  utilized  it  with  certain  genera. 
Cockayne,2  on  the  other  hand,  has  made  use  of  morphologic  criteria  for  the 
field  approach  to  this  problem.  The  two  methods  have  been  combined  in 
the  present  study  with  experimental  procedure  by  crossing  and  selfing,  in 
the  hope  of  attaining  a  complete  system  of  analysis. 

The  pollens  examined  have  been  stained  by  the  method  employed  by  Belling,3 
which  insures  an  accurate  determination  of  sterile  grains.  The  species  have 
been  divided  into  three  classes :  (1)  with  50  per  cent  or  more  of  the  pollen-grains 
imperfect;  (2)  with  20  to  50  per  cent  imperfect;  (3)  with  less  than  20  per  cent 
imperfect,  few  species  producing  more  than  95  per  cent  of  good  grains.  Of 
the  six  species  in  the  first  class,  three  belong  to  Potentilla,  two  are  alpines,  and 
one  an  Oenothera,  speciosa,  grown  in  gardens.     Five  of  the  18  species  in  class 

10.  Rosenberg,  Cytologische  und  morphologische  Studien  an  Drosera  longifolia  rotundifolia. 
K.  Sven.  Vet.  Akad.  Handl.  43,  1-65  (1909). 

E.  C.  Jeffrey,  Spore  conditions  in  hybrids  and  the  mutation  hypothesis,  Bot.  Gaz.,  58,  332-336 
(1914).     E.  B.  Babcock,  Species  hybrids  in  Crepis,  Amer.  Nat.,  58,  296-310. 

2  L.  Cockayne,  Hybridism  in  the  New  Zealand  flora,  New  Phyt.,  3,  105-127  (1923). 

3  J.  Belling,  On  counting  chromosomes  in  pollen  mother  cells,  Am.  Nat.,  55,  573-574  (1921). 
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two  belong  to  Oenothera,  three  to  Gentiana  and  two  to  Rosa.  Eight  of  ten 
species  of  Pentstemon  gave  percentages  of  90  to  95,  the  other  two  dropping 
to  65  per  cent. 

In  the  direct  examination  of  the  native  communities  for  possible  hybrids, 
the  most  striking  instance  has  been  that  of  Mentzelia.  A  large  number  of 
intermediates  between  M.  multiflora  and  nuda  were  found  mixed  with  the 
latter  parent  and  with  forms  distinguishable  from  multiflora  only  in  stem  color. 
The  color  of  the  flower  ranges  from  the  white  of  nuda  through  various  shades 
of  yellow,  only  rarely  reaching  the  orange-yellow  of  multiflora.  Stem  color 
and  pubescence  are  usually  that  of  nuda,  while  the  leaves  run  the  entire  gamut 
between  the  two.  The  pollen  of  the  supposed  hybrid  shows  the  widest  range, 
from  95  per  cent  sterile  to  95  per  cent  perfect,  without  exhibiting  any  correla- 
tion with  resemblance  to  either  parent,  both  of  which  have  perfect  pollen. 
Reciprocal  crosses  of  the  parents  and  back-crosses  with  the  hybrid  have  been 
made  in  the  community  itself  and  also  in  the  garden  at  Colorado  Springs. 

Five  genera  have  received  special  attention  with  respect  to  pollen  and  field 
evidences  of  hybridity,  as  well  as  in  garden  manipulation.  These  are 
Aquilegia,  because  of  the  contribution  of  two  native  species,  ccerulea  and 
chrysantha,  to  garden  hybrids;  and  Verbena  by  virtue  of  the  relatively  frequent 
occurrence  of  supposed  hybrids  in  nature;  Geranium  by  reason  of  the  reciprocal 
nature  of  the  two  montane  species,  and  Pentstemon  and  Scutellaria  on  account 
of  projected  monographs,  intended  to  apply  ecological,  genetic  and  phylo- 
genetic  methods  to  earlier  treatments.  More  than  50  species  of  Pentstemon 
have  been  grown  in  the  gardens  at  Colorado  College,  the  Alpine  Laboratory 
and  at  Santa  Barbara,  and  it  is  hoped  to  have  all  the  species  of  the  genus 
available  for  studies  in  adaptation  and  hybridization. 

EXPERIMENTAL  PHYLOGENY  AND  TAXONOMY 

Experimental  Taxonomy,  by  H.  M.  Hall,  David  D.  Keck  and  Wm.  M.  Heusi 

The  transplant  experiments  carried  on  at  several  stations  between  the  coast 
of  California  and  the  summit  of  the  Sierra  Nevada  are  each  year  assuming 
more  definite  form.  This  results  from  an  increasing  definiteness  as  to  objec- 
tives and  from  the  institution  of  better  control  over  areas  assigned  to  the 
plantings.  During  the  present  year  particular  attention  has  been  given  to  the 
development  of  the  station  at  moderate  altitude  (1,500  meters).  Here, 
through  the  courtesy  of  the  U.  S.  Forest  Service,  provision  has  been  made  for 
the  installation  of  experiments  planned  to  run  for  an  unlimited  period  of  time. 
At  this  station  advantage  is  taken  of  the  natural  forest  for  the  growing  of 
plants  in  dry  soil  with  a  minimum  of  light,  and  of  open  slopes  for  the  growing 
of  divisions  of  the  same  plants  also  in  dry  soil  but  fully  exposed.  Artificial 
shade  and  constant  irrigation  supply  a  dark,  moist  habitat,  while  the  irrigation 
of  an  open  field  furnishes  conditions  of  extreme  illumination  coupled  with  high 
water-content  of  the  soil.  There  is,  in  addition,  an  optimum  or  normal  garden, 
this  with  fairly  moist  soil  and  light  shade.  Thus,  within  an  area  of  a  few  acres, 
a  single  plant,  through  vegetative  division,  may  be  grown  under  five  different 
sets  of  ecologic  conditions.  Approximately  550  transplants,  assembled  from 
various  parts  of  the  West,  have  been  set  at  this  station  during  the  current 
year.  Each  individual  thus  brought  in  is  separately  recorded,  and  the  original 
form  of  each  is  represented  by  a  voucher  in  the  form  of  an  herbarium  specimen, 
and  often  also  a  photograph,  taken  before  removal.  Divisions  of  most  of  the 
plants  at  this  central  station  have  been  carried  also  to  at  least  one  of  the  other 
altitudes.  It  is  hoped  to  continue  division  as  the  plants  develop,  so  that  ulti- 
mately each  one  may  be  represented  in  each  of  five  stations  in  addition  to 
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plantings  under  five  different  ecologic  conditions  in  at  least  one  of  these. 
Provision  is  thus  made  for  a  study  of  the  effect  of  climatic  complexes  as  well  as 
for  the  testing  of  local  factors,  such  as  light  and  moisture.  From  such  studies 
evidence  is  obtained  as  to  the  extent  to  which  plant  characters  may  be 
modified,  which  knowledge  has  application  both  in  taxonomy  and  in  the 
broader  field  of  organic  evolution. 

Experiments  similar  to  those  just  described  and  involving  some  300  species 
have  been  under  way  in  California  for  five  years.  During  this  period  much  of 
the  work  has  consisted  in  the  development  of  a  satisfactory  technique  and  the 
testing  out  of  a  number  of  proposed  stations.  There  is  now  accumulating, 
however,  a  quantity  of  data  which  is  throwing  much  light  upon  the  relation- 
ships of  some  of  the  forms  and  upon  the  criteria  used  in  plant  classification. 
These  data  should  soon  permit  also  of  certain  generalizations,  particularly  as 
regards  the  effect  of  climate  upon  plant  structures  and  upon  physiological 
processes.  A  striking  example  of  the  latter  is  the  increased  earliness  in  flower- 
ing when  plants  are  moved  from  higher  to  lower  altitudes,  and  the  resulting 
demonstration  that  within  many  species  there  exist  series  of  forms  (strains, 
biotypes)  with  different  capacities  for  response  to  climatic  conditions.  Plants 
brought  from  2,700  meters  to  an  altitude  of  1,500  meters  almost  consistently 
develop  and  flower  earlier  than  the  corresponding  form  of  the  same  species 
native  at  this  lower  altitude  and  grown  under  the  same  cultural  conditions. 
Conversely,  when  the  low-altitude  form  is  carried  to  higher  stations  the  date  of 
maturity  is  correspondingly  retarded  or,  because  of  the  short  season,  the  plants 
may  not  reach  the  fruiting  stage  before  they  are  overtaken  by  autumnal  con- 
ditions. These  phenomena  appear  to  be  correlated  with  the  functions  of  the 
environment  in  choosing  from  the  large  number  of  biotypes  presented  to  it 
for  selection.  An  alternate  explanation  is  the  molding  influence  of  ecologic 
conditions  upon  protoplasmic  structure  and  hence  upon  physiological  activi- 
ties, but  the  permanent  effect  of  such  influence  still  remains  in  question.  It  is 
obvious  that  the  proofs  for  acclimatization  must  rest  in  turn  upon  this  demon- 
stration of  permanence. 

The  list  of  genera  exhibiting  these  climatic  forms  (not  species)  has  been 
shown  by  experiment  to  include  Agastache,  Aquilegia,  Artemisia,  Dodecatheon, 
Geranium,  Hypericum,  Monardella,  Pentstemon,  Potentilla,  Senecio,  Solidago 
and  others.  The  case  of  the  geranium  is  especially  clear.  At  high  altitudes 
this  species  has  a  flowering  period  of  about  six  weeks.  When  the  plants  are 
brought  down  to  middle  elevations  they  come  into  flower  about  six  weeks 
earlier  than  those  left  above  and  two  or  three  weeks  earlier  than  the  plants 
native  to  this  reduced  altitude.  Plants  of  the  same  species  taken  from  middle 
altitudes  to  the  coast  extend  the  period  still  further  by  flowering  in  April  and 
continuing  in  profuse  bloom  until  November.  It  is  hoped  that  the  effect  of 
temperature  and  other  factors  upon  this  process  may  be  studied  in  detail  under 
controlled  laboratory  conditions. 

Taxonomy  of  Haplopappus,  by  H.  M.  Hall 

The  investigation  of  Haplopappus,  which  has  progressed  through  many 
years  of  field  and  herbarium  study,  supplemented  by  transplant  experiments, 
has  now  reached  a  stage  where  the  publication  of  results  seems  desirable. 
The  manuscript  for  a  monograph  on  this  genus  of  plants  is  now  ready  for 
publication.     The  more  general  conclusions  may  be  summarized  as  follows: 

1.  Relationship  by  descent  is  accepted  as  the  logical  basis  for  the  grouping 
of  taxonomic  forms.  The  present  study  therefore  furnishes  an  example  of 
the  use  of  the  phylogenetic  concept  as  a  basis  for  classification.     It  is  readily 
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admitted  that  strong  suspicion  may  be  cast  upon  any  arrangement  that  pur- 
ports to  be  phylogenetic,  but  when  all  available  evidence  has  once  been 
assembled  the  expression  of  a  hypothesis  as  to  origin  should  lead  toward  the 
goal  of  established  fact. 

2.  The  examination  of  evidence  has  involved  the  application  of  experi- 
mental methods  now  little  used  in  taxonomy.  Especially  noteworthy  has 
been  the  development  of  transplant  experiments  designed  to  test  the  nature 
and  value  of  morphologic  characters  used  as  criteria  in  classification.  The 
bringing  of  related  forms  into  a  uniform  environment  and  the  reverse  experi- 
ment of  subjecting  a  single  form  to  diverse  environments  has  sometimes  shown 
not  only  that  differentiating  characters  are  persistent,  but  that  others  of 
equal  value  have  been  overlooked.  On  the  other  hand,  this  experimental 
study  of  forms  has  clearly  demonstrated  that  in  some  groups  these  constant, 
differentiating  characters  are  so  numerous  and  appear  in  so  many  combina- 
tions that  a  taxonomic  classification  of  the  resulting  forms  is  impracticable. 
At  this  stage  taxonomy  passes  over  into  genetics  and  ecology. 

3.  Statistical  methods  have  been  further  developed  and  are  shown  to  be 
of  inestimable  value  in  fixing  limitations  of  sections,  species  and  subspecies, 
as  also  for  determining  degree  of  intergradation  where  this  occurs.  Statistical 
studies  based  upon  an  extensive  series  of  examinations,  especially  of  living 
material,  may  now  be  said  to  be  essential  to  any  thorough-going  taxonomic 
investigation,  although  publication  of  results  in  detail  may  not  always  be 
essential. 

4.  This  synthetic  study  of  a  large  and  polymorphous  genus  has  led  to  a 
clearer  vision  of  the  fluid  nature  of  taxonomic  units.  When  extinct  as  well  as 
present  forms  are  admitted  to  the  picture,  the  continuity  becomes  evident 
and  in  a  modern,  progressive  group  like  Haplopappus,  this  continuity  is 
demonstrable  even  between  many  of  the  units  still  in  existence.  Thus  is  seen 
the  futility  of  any  attempt  to  break  up  this  living  stream  into  units  of  equal 
rank  or  into  groups  universally  acceptable  to  taxonomists.  Much  effort 
appears  to  be  wasted  by  systematists  in  endeavors  to  establish  for  all  time  sets 
of  boundaries  which  do  not  exist  or  which  vanish  when  the  historical  record  is 
taken  into  account. 

5.  The  genus  Haplopappus  apparently  had  its  origin  within  or  near  the 
Mexican  realm,  and  in  its  early  stages  was  connected  with  Aster  or  at  least 
with  some  Aster-like  group.  Suggestions  of  this  early  connection  are  still 
seen  in  the  occasional  recurrence  of  a  red  or  purplish  pigment  in  the  ligules 
(otherwise  uniformly  yellow)  and  in  other  features.  Divergent  migrations 
northward  resulted  in  the  separation  of  sixteen  groups  (sections),  a  few  of 
which  are  now  well  set  off  from  the  others.  These  groups  comprise  127 
species  and  subspecies.  The  genus  also  reached  the  west  coast  of  South 
America,  especially  Chile,  where  an  approximately  equal  number  of  forms 
has  been  developed,  but  the  connections  between  these  are  such  that,  with 
few  exceptions,  it  is  impossible  to  set  up  well-defined  sections.  Although  a 
phylogenetic  connection  no  longer  exists  between  the  species  of  North  America 
and  those  of  South  America,  it  appears  impossible  to  discover  a  single  constant 
character  for  the  separation  of  these  major  geographic  groups. 

6.  The  classification  and  description  of  the  species,  subspecies  and  minor 
variations  form  the  basis  of  the  present  monograph.  It  is  hoped  that  this  will 
furnish  a  satisfactory  summary  of  present  knowledge  and  that  future  students 
of  the  genus  will  find  in  it  a  trustworthy  guide  for  still  more  detailed  studies. 
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A  Synthetic  Study  in  the  Phytogeny  of  Ceanothus,  by  H.  E.  McMinn, 
R.  W.  Chaney  and  H.  M.  Hall 

This  genus  of  West-American  sclerophyllous  shrubs  was  selected  some  six 
years  ago  as  a  suitable  subject  for  the  application  and  testing  of  certain 
recently  developed  methods  of  taxonomic  research.  Particular  attention  has 
been  given  to  the  assembling  of  transplant  material,  which  was  grown  in  a 
native-shrub  garden  at  Mills  College.  In  collecting  the  plants  every  oppor- 
tunity was  taken  to  study  in  the  field  the  significance  of  taxonomic  characters 
and  to  make  statistical  studies.  Particular  attention  has  been  given  to  the 
paleeontological  record  also  and  to  a  correlation  between  geographic  distribu- 
tion and  the  development  of  differentiating  criteria.  The  evidence  thus  far 
deduced  suggests  that  of  the  two  sections  Euceanothus  is  the  more  primitive 
and  had  its  origin  in  the  north,  while  the  more  recent  section,  Cerastes,  had  its 
evolutionary  development  in  connection  with  migrations  northward  from  the 
Mexican  region.  A  phylogenetic  arrangement  of  all  the  Calif ornian  forms 
has  been  prepared  and  summarized  in  charts  and  keys  with  a  view  to  publica- 
tion. 

Experimental  Mycology,  by  F.  E.  Clements,  C.  L.  Shear  and  Edith  S.  Clements 

The  present  organization  of  a  comprehensive  project  in  the  experimental 
phylogeny  and  taxonomy  of  the  fungi  has  been  preceded  for  several  years  by 
preliminary  tests  of  the  feasibility  of  the  transplant  method  in  this  field. 
These  have  disclosed  the  special  requirements  of  the  fungi  and  the  included 
lichens,  and  have  rendered  it  possible  to  work  out  a  detailed  system.  The 
natural  classification  of  the  fungi  and  the  phyletic  treatment  of  genera  and 
species  will  become  possible  only  with  the  experimental  and  statistical  study 
of  the  kind  and  amount  of  variation  in  different  groups  and  of  the  factors 
concerned.  Such  information  can  only  be  obtained  by  the  proper  combina- 
tion of  thoroughgoing  investigations  in  both  field  and  laboratory.  These 
must  be  focused  upon  variation  and  adaptation,  life-histories,  sexual  phe- 
nomena, and  evolution  and  migration  in  the  endeavor  to  trace  the  phylogeny 
of  orders  and  families  on  the  one  hand  and  genera  and  species  on  the  other. 

Laboratory  studies  of  life-histories  under  carefully  controlled  conditions 
show  that  certain  groups  are  now  in  an  active  process  of  evolution,  such  as 
Glceosporium,  Glomerella,  Fusarium  and  Peronospora;  while  others,  like 
Hypoxylon  and  Endothia,  appear  to  be  in  a  fairly  stable  condition.  The 
species  of  Endothia,  though  closely  related,  show  constant  and  apparently 
well-fixed  morphological  and  physiological  characters.  A  similar  condition 
obtains  in  the  field.  Among  the  fleshy  fungi,  especially  the  Agaricacese  and 
Pezizales,  some  genera  and  species  are  distinctly  marked  and  constant,  while 
others  are  so  variable  as  to  preclude  definite  limitation.  In  the  case  of  the 
four  genera  Pezizella,  Helotium,  Phialea  and  Ciboria,  a  single  species,  Helotium 
citrinum  has  such  a  wide  range  of  matrix  and  habitat  in  nature  as  to  simulate 
all  of  these.  The  hydroid  pezizas  are  especially  sensitive  to  water,  while  the 
lichens  respond  both  to  water  and  light  because  of  the  algal  hosts,  facts  that 
furnish  the  clue  to  their  variation  and  to  successful  transplant  treatment. 

The  chief  series  of  transplant  gardens  are  modeled  after  those  developed  for 
flowering  plants.  One  comprises  the  three  major  climates — plains,  montane 
and  alpine;  the  other,  different  habitats  within  these.  The  montane  climate 
naturally  affords  the  best  range  of  habitats  and  in  this  the  series  consists  of 
two  transects  from  wet  to  dry  conditions  in  sun  and  in  shade,  as  well  as  four 
gardens,  namely,  shade-wet,  shade-moist,  sun-wet  and  sun-moist,  actual  dry 
conditions  being  too  severe  for  the  most  part.     The  mycelium  of  a  fleshy 
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fungus  and  the  thallus  of  many  lichens  lend  themselves  readily  to  division, 
while  the  soredia  of  the  latter  furnish  a  ready  source  of  uniform  progeny. 
The  treatment  as  to  vouchers,  photographs,  labels,  etc.,  is  essentially  as  for 
holophytes.  A  score  or  more  of  species  have  been  transplanted  the  first 
year,  representing  the  genera  Peltigera,  Cladonia,  Parmelia,  Dufourea,  Hel- 
vetia, Gyromitra,  Cudonia,  Geopyxis,  Helotium,  Pezizella,  etc. 

FACTOR  AND  FUNCTION 
New  Instruments,  by  F.  E.  Clements  and  G.  W.  Goldsmith 

During  the  past  two  or  three  years  a  consistent  endeavor  has  been  made  to 
devise  more  convenient  or  more  accurate  instruments  for  quantitative  studies. 
These  are  mostly  concerned  with  the  measurement  of  habitat  factors,  but  the 
more  recent  ones  are  intended  for  measuring  functions  or  the  physico-chemical 
processes  underlying  them.  One  or  two  of  the  factor  instruments  have  been  in 
commission  for  a  number  of  years,  but  even  these  have  been  remodeled  and 
improved  in  detail.  An  attempt  has  also  been  made  to  reduce  the  cost,  so 
that  the  individual  investigator  might  be  adequately  equipped  for  studies  in- 
volving habitat  analysis.  It  is  expected  that  the  instrument  makers  concerned 
will  issue  price-lists,  which  will  be  distributed  to  ecologists  and  others  in- 
terested. 

The  instruments  that  deal  with  the  measurement  of  light  are  the  stop- 
watch photometer,  recording  photometer  or  selagraph,  and  a  portable 
spectro-photometer.  The  first  has  been  changed  only  in  minor  features, 
which  make  it  more  convenient.  The  essentials  of  the  selagraph  are  an 
aluminum  drum  containing  an  8-day  movement  driving  a  wheel  bearing 
parallel  strips  of  "Solio"  and  "Azo"  photographic  paper  exposed  at  half- 
hour  intervals  by  a  shutter.  Four  of  these  have  been  in  effective  operation 
from  summit  to  plains  throughout  a  summer  of  exacting  weather.  The 
electric  spectro-photometer  is  especially  designed  for  portability,  the  box 
being  8  inches  long  and  5  in  section.  The  essential  parts  are  a  Fuess  hand 
spectro-photometer  in  which  a  lamp  of  0.5  candle-power  is  placed  behind  the 
Nicol  prism  to  provide  the  standard  spectrum.  The  resistance  is  adjusted 
by  means  of  a  slide  on  a  graduated  bar  and  measured  by  means  of  a  Weston 
milliammeter.  The  instrument  gives  promise  of  a  wide  range  of  usefulness, 
but  the  lack  of  a  dense  deciduous  canopy  has  so  far  precluded  a  conclusive 
test  of  its  value  in  measuring  variations  in  light  quality  in  the  field. 

The  cog  psychrometer  has  been  improved  by  equipping  it  with  short 
Fahrenheit  thermometers  instead  of  Centigrade,  since  the  tables  of  relative 
humidity  are  expressed  in  the  former.  The  thermometers  have  been  inverted 
for  much  quicker  reading,  and  both  crank  and  handle  are  hinged  to  make  the 
instrument  more  compact  when  not  in  use.  The  fan  psychrometer  consists 
of  a  small  fan,  driven  by  a  hand-operated  gear,  with  clamps  arranged  so  that 
thermometers  of  any  length  can  be  exposed  to  the  air-current.  The  chief 
advantages  of  this  type  are  that  the  wet-bulb  is  stationary  and  can  be  read 
at  the  exact  minimum,  while  thermometers  of  almost  any  type  may  be  employed 
and  are  easily  rendered  available  for  independent  use. 

For  the  accurate  measurement  of  the  air-content  of  various  soils,  an 
aerometer  has  been  developed,  which  consists  of  a  soil-borer  with  seal  and 
manometer.  Each  soil  sample  is  sealed,  connected  with  a  calibrated  manome- 
ter and  the  pressure  reduced.  When  equilibrium  is  established,  the  air  in  the 
manometer  is  measured  under  known  conditions,  after  which  it  is  analyzed 
for  the  component  gases. 

To  secure  measurements  of  the  osmotic  pressure  of  a  particular  tissue  or 
cell,  a  micro-cryoscope  has  been  devised  for  determining  the  freezing  point. 
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The  freezing  device  consists  of  expansion  chambers  in  which  carbon  dioxid  is 
employed.  The  tissue  is  mounted  on  the  stage  with  a  minute  thermo-couple 
and  the  freezing  point  observed  by  dark-field  illumination.  Reference  tem- 
peratures are  obtained  by  means  of  a  Beckmann  thermometer  enclosed  in  a 
Dewar  flask  filled  with  ice  and  distilled  water.  The  current  between  the  two 
thermo-couples  is  measured  by  a  sensitive  galvanometer,  permitting  readings 
to  0.001  C. 

Extensions  of  the  Phytometer  Method,  by  J.  E.  Weaver  and  F.  E.  Clements 

Several  new  types  of  phytometers  have  been  developed  in  connection  with 
the  project  in  competition,  which  have  given  very  satisfactory  results.  The 
most  striking  of  these  is  the  insert  phytometer,  in  which  the  container  holding 
the  standard  plant  or  the  species  concerned  is  sunken  in  the  center  of  the 
competition  culture ;  it  is  removed  for  weighing  or  for  the  comparative  meas- 
urement of  conditions  within  and  outside  the  plot.  The  level  or  layer  phy- 
tometer is  run  in  a  series  of  two  or  more  at  different  levels  of  a  plant  or  in  differ- 
ent layers  of  a  community.  In  addition,  seedling  trees  were  employed  in  the 
prairie  to  determine  the  reaction  of  the  grasses  and  the  consequent  effect 
upon  the  ecesis  of  trees  in  subclimax  and  climax  grassland. 

Four  phytometers  of  seedling  Fraxinus  viridis  were  used  as  a  battery  in 
three  communities,  viz.  thicket  of  Rhus  glabra,  ecotone,  and  high  prairie. 
The  average  loss  in  grams  per  square  inch  was  2.5,  3.25  and  5.42  respectively, 
the  plants  of  each  battery  falling  within  the  proper  limits  of  each.  In  the  use 
of  level  phytometers,  two  sunflower  containers  were  placed  on  the  ground  in 
cultures  of  sunflowers  spaced  4  and  8  inches  apart,  two  were  kept  at  crown 
level  of  the  plants  in  the  two  cultures,  and  two  more  were  placed  8  inches 
above  the  tops.  The  transpiration  was  greatest  in  the  last,  less  in  those  on 
the  ground  and  least  from  the  phytometers  among  the  crowns.  The  average 
height  and  width  of  stems,  leaf  area  and  dry  weight  were  greatest  in  the 
phytometers  among  the  crowns,  regularly  less  in  those  above  the  crowns, 
and  very  much  less  for  the  shaded  ones  on  the  ground. 

Insert  phytometers  were  employed  in  a  variety  of  competition  cultures, 
including  wheat,  sunflower,  Kuhnia,  Bronius,  Andropogon  and  Xanthium. 
In  the  large  tenth-acre  plots  of  wheat,  the  containers  were  2  feet  deep  and  1 
foot  in  cross-section,  made  of  galvanized  iron  and  sunken  in  pairs  in  plots 
sown  to  normal,  2-normal  and  4-normal  density.  The  containers  were  sown 
thickly  and  later  thinned  to  25,  50  and  100  plants  respectively.  The  water- 
loss  for  a  typical  5-day  period  was  3.5  pounds  from  the  normal,  6.5  pounds 
from  the  2N  and  11.2  pounds  from  the  4N,  while  the  respective  losses  per 
plant  were  53,  52  and  40  grams.  A  phytometer  of  Kuhnia,  exposed  alter- 
nately outside  and  inside  a  culture  of  the  same  species,  gave  successive  losses 
of  34,  13  and  24  grams,  and  29,  11  and  38  grams. 

Climatic  Cycles  and   Tree  Growth,   by  A.  E.  Douglass 

The  studies  of  the  past  eight  years  on  the  relations  of  tree  growth  to  climate 
and  solar  activity  have  been  brought  together  in  continuation  of  Climatic 
Cycles  and  Tree  Growth  (Pub.  No.  289,  1919).  This  summary  describes  the 
latest  development  of  technique  and  instruments,  including  the  most  advan- 
tageous selection  of  trees  and  the  best  choice  of  rings.  Different  measuring 
instruments  are  described  and  especially  the  latest  form  of  the  cyclograph,  a 
slight  variation  of  the  periodograph  by  which  the  presence  of  cycles  in  long 
tree-records  is  tested. 

The  main  theme  of  the  book  is  the  geographical  distribution  of  tree-growth 
characteristics.     The  area  considered  is  limited  to  the  part  of  the  United 
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States  between  the  Rocky  Mountains  and  the  Pacific  Ocean.  Forty-two 
groups  were  collected,  including  305  trees,  nearly  all  western  yellow  pine. 
Upon  these  more  than  52,000  rings  were  measured.  Environmental  studies 
were  made,  dealing  with  such  subjects  as  the  tree-ring  as  a  climatic  phe- 
nomenon, correlation  with  rainfall  at  Prescott  and  Flagstaff,  Arizona,  and  in 
selected  big-trees  of  the  Sierra  Nevada,  relationship  to  various  kinds  of 
topography,  etc. 

The  book  concludes  with  some  investigation  of  the  cycles  in  these  western 
areas.  The  cycles  generally  seem  to  be  simple  fractions  of  a  triple  sunspot 
period  of  close  to  34  years.  Three  homogeneous  centers  appeared,  namely, 
the  Northern  Arizona  plateau,  the  Pikes  Peak  region  and  the  long  extent  of 
the  Sierra  Nevada  Mountains.  The  cycles  in  these  three  areas  were  much 
the  same,  but  different  ones  were  emphasized  in  the  different  zones. 

The  solar  records  found  in  tree  growth  were  the  sunspot  cycle  and  its  dis- 
appearance near  1700,  when  there  was  a  great  dearth  of  solar  spots;  one  near 
7  years  or  its  multiples,  and  one  over  9  years  or  its  multiples.  In  Arizona  a 
cycle  of  about  20  years  in  length  has  been  very  conspicuous  for  the  last  two 
centuries. 

An  important  contribution  to  this  study  was  established  in  a  trip  over  the 
Pueblo  Area  of  the  Southwest  in  September  1926.  By  samples  collected 
extensively  between  Flagstaff  and  Santa  Fe,  it  became  evident  that  this  area 
is  homogeneous  in  its  tree-growth.  Hence,  good  growth  records  found  in  the 
prehistoric  beams  of  this  area  are  real  contributions  to  the  extension  of  the 
Flagstaff  climatic  record  back  into  antiquity. 

Grassland,  Chaparral  and  Soil  Texture,  by  A.  G.  Vestal 

Previous  observations  correlating  chaparral  with  coarse  soils  of  dry  habitats 
and  grassland  with  finer  soils  were  checked  by  determinations  of  moisture 
equivalents  of  the  soils.  The  correlation  is  now  strengthened  by  additional 
determinations  and  by  evaluating  the  reduction  of  the  moisture-holding 
capacity  of  the  soil-mass  by  considerable  quantities  of  included  stones.  The 
method  of  determining  the  net  moisture-equivalent  (p.  318)  makes  it  possible 
to  express  the  texture  of  a  soil,  whether  or  not  it  contains  a  stony  fraction,  by 
a  single  numerical  value,  and  to  arrange  all  the  soils  studied  in  the  single 
series  of  a  texture  gradient.  Chaparral  is  found  to  range  upon  this  gradient 
from  the  coarsest  stony  sands  to  loams  with  Net  M.  E.  value  of  about  24, 
extending  beyond  this  to  30  or  32,  but  restricted  very  greatly  in  space  occu- 
pied. While  grassland  can  also  occupy  coarser  soils,  it  occurs  infrequently 
with  Net  M.  E.  values  below  20,  is  dominant  between  30  and  32,  and  ranges 
into  clays  and  adobes  with  M.  E.  values  much  higher.  The  range  of  textures 
varies  with  the  derivation  of  the  soil,  as  shown  by  determinations  for  more 
than  150  stations  (table  1). 

Table  1 — Net  moisture-equivalent  values 


Soil  derived  from — 

Chaparral 

Grassland 

Coarse 
extreme 

Typical 

Fine 
extreme 

Coarse 
extreme 

Typical 

Fine 
extreme 

Sandstone 

Chert 

6.0 
15.2 
22  ? 

15.3 

19.5 

25-30 

23.5 

28.7 
32  ? 

12.5 
19.2 

22.2 

22.6 
27.4 
32.9 

33.9 
26.3 
47.2 

Serpentine 

318  CARNEGIE    INSTITUTION    OF   WASHINGTON 

Chaparral  is  infrequent  in  serpentine ;  where  present  it  is  usually  composed 
of  Quercus  durata.  Adenostoma  is  much  less  frequent  than  the  scrub-oak, 
and  is  apparently  restricted  to  the  coarser  of  the  serpentine  soils.  For  grass- 
land in  alluvial  soils  in  the  vicinity,  the  figures  are  as  follows:  coarse  extreme, 
21.1;  typical  station,  28.1;  fine  extreme,  35.7. 

The  Net  Moisture-Equivalent  of  Stony  Soils,  by  A.  G.  Vestal 

Although  the  stone-content  is  negligible  in  most  arable  soils,  shallow 
residual  soils  in  hilly  country  may  contain  as  much  as  60  per  cent  (by  weight) 
of  the  total  mass.  There  are  at  least  four  kinds  of  influence  upon  plants  which 
a  considerable  content  of  stones  may  exert.  The  one  here  considered  is 
reduction  of  the  water-holding  capacity  of  a  unit  volume  of  the  soil  mass, 
causing  deeper  and  more  rapid  penetration  of  rainfall,  and  consequent  differ- 
ence in  depth  distribution  of  soil-moisture. 

It  is  readily  seen  that  permeability  to  air  as  well  as  to  water  is  increased  by 
the  presence  of  stones,  in  much  the  same  manner  as  if  the  soil  itself  were  made 
coarser.  Thus,  if  some  means  is  available  of  expressing  stone-content  and 
texture  of  the  soil  itself  in  the  same  terms,  the  influence  of  the  stones  can  be 
evaluated.  The  means  used  is  the  moisture-equivalent,  which  is  a  function 
of  the  surface  of  the  soil  particles  and  therefore  of  texture.  Moisture- 
equivalents  were  determined  for  several  characteristic  soils  containing  varying 
proportions  of  stones :  16,  36,  56,  76  and  96  per  cent  of  the  total  mass,  based 
on  air-dry  weight  of  both  stones  and  soil.  The  reduction  of  M.  E.  caused  by 
stones  was  found  to  be  directly  proportional  to  their  mass.  It  also  developed 
that  the  reduction  is  proportional  to  the  fineness  of  the  soil  itself,  as  expressed 
in  the  M.  E.  value;  non-porous  stones  lower  the  M.  E.  value  more  than  do 
porous  stones. 

The  formula  expressing  the  action  of  the  three  variables  (stone-content, 
texture  of  the  soil  itself,  and  character  of  the  soil  and  its  included  rock  frag- 
ments) is  as  follows: 

Net  M.  E.  =  M.  E.-(kXM.  E.XS.  C.)  in  which  k  is  the  constant  for  the 
particular  soil  and  its  stones,  as  found  by  experimental  determinations  with 
the  soil  centrifuge;  M.  E.  is  the  moisture-equivalent  for  the  soil  with  no 
stones;  and  S.  C.  is  the  stone-content  in  per  cent  of  dry  weight  of  soil  plus 
stones.  The  value  for  k  in  serpentine  soil  was  0.004716 ;  for  chert  in  grassland 
0.006284;  for  chert  in  chaparral  0.005724;  for  sandstone  (grassland)  0.005775; 
for  standstone  (chaparral)  0.005308.  It  is  much  simpler  and  more  rapid  to 
ascertain  the  Net  M.  E.  by  means  of  a  graph  than  by  computing  from  the 
formula,  since  the  curve  for  reduction  from  a  particular  M.  E.  at  varying 
stone-contents  is  a  straight  line. 

Experimental  Vegetation  in  the  Knysna  Forests,  by  John  Phillips1 

In  connection  with  phytometry  have  been  carried  on  a  series  of  experi- 
mental studies  into  the  changes  produced  in  forest  soils  on  their  exposure  to 
ecial  conditions  differing  definitely  from  those  normally  present,  and  into 
the  responses  of  tree  seedlings  to  such  changes  and  to  the  accompanying 
changes  in  aerial  and  phytobiotic  factors.  Apart  from  its  purely  scientific 
interest,  the  matter  is  fundamentally  important  silviculturally  and  hence 
economically.2 

The  same  forest  soil  in  undisturbed  condition  to  2.5  to  3  feet  was  placed  in 
four  large  restio-thatch  screens — the  roofs  and  sides  of  which  were  readily 
penetrable  by  rain — and  submitted  from  August  1924  to  light-intensities  of 

1  The  Forest  Department,  South  Africa. 

2  H.  Burger,  Physikalische  Eigenschaften  der  Wold-  und  FreilandbOden  (1923). 
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0.5,  0.2,  0.06  and  0.01  of  full  sunlight  respectively,  and  to  related  differences  in 
other  factors.  Equal-aged,  equal-conditioned  seedlings  of  the  same  species — 
principal  forest  trees — were  grown  under  the  four  sets  of  conditions.  No 
watering  and  no  weeding  were  carried  out  after  the  first  few  weeks.  The 
major  edaphic  factors  along  with  the  prime  aerial  factors  were  kept  under 
observation;  at  the  end  of  2.5  years  the  edaphic  factors  had  changed  to  a 
striking  extent. 

In  the  cultures  experiencing  light-intensities  of  0.5  and  0.2,  dense  weed- 
growth  appeared  within  several  months,  but  no  appreciable  weed-growth 
developed  under  the  intensity  of  0.06  until  nearly  two  years  after,  and  then 
was  confined  to  open  communities  of  ferns;  no  weeds  established  themselves 
under  the  intensity  of  0.01.  On  account  of  the  dense  weed  communities 
under  the  light-intensities  of  0.5  and  0.2,  some  of  the  seedling  trees  in  these 
cultures  received  less  light  (e.  g.  0.005  to  0.009  in  the  first  culture,  0.002  to 
0.009  in  the  second,  at  3  to  6  inches  above  the  ground)  than  those  in  the  cul- 
tures under  the  intensity  of  0.01.  An  additional  feature  of  weight  is  that  the 
weed  communities  filched  much  of  the  moisture  from  the  upper  6  to  9  inches 
of  the  soil. 

Thermometric  observations  revealed  the  interesting  fact  that  at  times  the 
weed  communities  act  as  thermal  blankets,  higher  temperatures  being 
registered  under  them  than  above.  At  such  times  the  saturation  deficit  is 
usually  greater  under  the  weeds  than  above;  on  the  whole,  the  rate  of  evapora- 
tion is  considerably  less  under  the  weeds  than  it  is  above  them. 

The  general  development  and  height-increment  of  the  tree  seedlings  in 
each  screen  were  kept  under  observation,  while  the  comparative  root  and 
stem  length,  number  and  area  of  leaves,  fresh,  dry  and  ash  weights  of  average 
plants  were  determined  quantitatively  from  time  to  time.  The  mean  width 
and  the  nature  of  the  tissues  of  the  leaves  of  such  average  plants  were  deter- 
mined by  means  of  microscopic  sections. 

The  seedlings  in  the  cultures  experiencing  0.5  and  0.2  light-intensities  and 
covered  in  the  dense  weed-growth  are  non-thrifty  in  every  sense,  those  under 
the  intensity  0.01  are  moribund,  those  under  intensity  0.06  are  the  finest  in 
the  series  and  are  infinitely  better  plants  than  ever  are  produced  in  untended 
natural  forest.  In  this  connection  it  is  important  to  note  that  initially  fast- 
growing  seedlings  (e.  g.  those  of  Cunonia  capensis  and  Platylophus  trifoliatus) 
not  only  keep  pace  with  the  rampant  weed-growth,  but  ultimately  succeed  in 
outstripping  and  subjugating  it;  initially  slow-growing  plants  (e.  g.  Podo- 
carpus  elongata  and  P.  thunbergi)  rapidly  are  overcome  by  the  weeds.  The 
seedlings  in  general  vigor  and  rate  of  increment  reflect  in  an  interesting  and 
suggestive  manner  the  nature  of  the  ecial  complexes  provided,  screen  by 
screen. 

The  results  of  the  experiments  outlined  correspond  with  those  being 
returned  by  other  intensive  experiments  and  by  extensive  "degree  of  felling" 
experiments  in  the  forests,  and  definitely  suggest  that  the  severe  exposure  of 
a  forest  soil  depreciates  its  physical  values  and  consequently  inhibits  regenera- 
tion of  the  forest.  The  experiments  are  being  continued  and  some  of  the 
seedlings  under  observation  are  now  over  9  feet  in  height. 

The  Photosynthate  Method,  by  Frances  L.  Long,  F.  E.  Clements,  C.  L.  Haupt 

and  J.  D.  Waldie 

A  consistent  endeavor  has  been  made  to  check  the  picramic  method  of 
measuring  the  photosynthate  against  the  method  of  gas  analysis,  both  in  the 
laboratory  and  in  the  field.     Spoehr  has  pointed  out  the  difficulties  to  be 
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overcome  in  the  second  method,1  and  has  also  emphasized  the  error  arising 
from  translocation  in  the  case  of  photosynthate  determinations.  It  seems 
probable  that  this  error  can  be  greatly  reduced  by  various  devices,  especially 
in  the  case  of  pedigreed  material,  such  as  the  sunflowers  employed,  and  in 
competition  cultures.  In  connection  with  gas  analysis,  a  number  of  tests 
have  been  made  of  the  behavior  of  stomata  on  excised  leaves.  Within  10 
minutes  after  cutting,  the  stomata  were  entirely  closed  in  some  cases  and  but 
half-open  in  others,  while  the  behavior  of  the  controls  was  normal.  This 
source  of  error  can  be  avoided  only  by  employing  attached  leaves  or  branches, 
entire  plants  such  as  seedlings,  or  hydrophytes  with  constantly  open  stomata. 
How  considerable  it  may  be  is  suggested  by  photosynthate  determinations  on 
leaves  lightly  smeared  with  vaseline.  With  both  sides  treated,  the  amount 
was  one-fourth  that  in  the  controls;  with  the  lower  side  coated,  the  amount 
was  four-fifths ;  and  in  the  case  of  the  upper,  seven-eighths,  in  correspondence 
with  stomatal  number. 

In  general,  the  photosynthate  results  were  in  good  agreement  with  the 
controlling  factor  of  the  habitat,  the  growth  habits  of  the  plant,  or  with  both. 
In  the  case  of  Helianthus  annuus,  the  cultivated  variety  from  western  seed 
gave  the  highest  rate,  followed  by  the  wild  species.  Tall  and  medium  strains 
from  pedigreed  seed  furnished  by  Professor  Emerson  of  Cornell  University 
gave  practically  the  same  rate,  corresponding  to  their  growth  in  the  garden. 
The  dwarf  strain  was  much  less  effective,  attaining  barely  a  third  of  that  of 
the  cultivated  variety.  The  relative  effectivity  of  garden  vegetables  was  again 
strikingly  exhibited,  onion  and  carrot  yielding  a  rate  nearly  5  times  greater 
than  for  chard,  spinach  and  beet.  Comparable  results  were  obtained  for 
alpine  species,  Caltha  leptosepala  and  Polygonum  bistorta  giving  values  three- 
fold greater  than  for  two  species  of  Mertensia.  With  the  latter,  the  endemic 
alpina  gave  a  higher  rate  than  sibirica,  which  finds  its  optimum  several  thou- 
sand feet  lower,  while  Caltha  was  distinctly  more  effective  in  wet  than  in  dry 
soil. 

Among  hydrophytes,  Scirpus  lacustris  and  Typha  latifolia  were  practically 
equal,  in  close  accord  with  their  growth  and  behavior,  but  Equisetum  levi- 
gatum  was  lower  by  a  third.  The  rate  for  Potamogeton  natans  was  a  tenth  of 
that  for  Scirpus  and  Typha,  the  submerged  leaves  being  half  as  active  as  the 
floating,  as  was  to  be  expected.  The  results  with  shade  forms  were  likewise 
strikingly  consistent,  whether  they  dealt  with  reciprocal  species,  ecads,  or 
sun  and  shade  leaves.  The  sun  species,  Geranium  cxspitosum,  was  more  than 
twice  as  effective  as  the  shade  G.  richardsoni,  and  the  sun  variety  of  Rosa 
acicularis  rather  less  than  twice  as  active  as  the  shade  form.  A  similar  ratio 
prevailed  with  Aconitum,  Mertensia,  Rudbeckia  and  Smilacina,  the  shade 
ecad  in  each  falling  to  50  per  cent  approximately. 

Stomatal  Behavior  in  the  Giant  Cactus,  by  Frances  L.  Long 

Studies  of  stomata  and  related  tissues  in  the  giant  cactus,  Carnegiea  gigan- 
tea,  yielded  some  striking  and  novel  results.  Since  growth  takes  place  in  the 
apical  region  and  the  stem  attains  its  normal  diameter  during  the  early  years 
of  its  growth,  the  green  epidermis  at  the  base  represents  tissue  formed  at  that 
time  and  still  functional.  Microscopical  examination  of  this  region  shows 
that  the  stomata  have  retained  their  shape  and  function,  even  after  a  century 
of  use. 

A  study  of  movement  in  a  seedling  seven  months  old  showed  the  stomata 
wide  open  at  5h  30m  a.  m.  soon  after  daybreak,  gradually  closing  through  the 
morning  to  a  slit  at  noon.     This  slight  opening  persisted  until  late  in  the 

1H.  A.  Spoehr,  Photosynthesis;  page  131   (1926). 
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afternoon,  but  by  nine  o'clock  at  night  the  stomata  were  completely  closed. 
Young  epidermis  from  the  apex  near  the  growing  point  exhibited  practically 
the  same  movements  during  the  morning,  but  the  stomata  were  half-open  at 
noon,  remaining  so  until  after  dark,  or  closing  to  a  slit  in  the  afternoon  or 
evening.  Epidermis  from  the  base  which  contained  representative  guard 
cells  of  great  age  showed  stomata  open  at  daylight,  closed  to  half  the  size  by 
8h  30m  a.  m.,  either  closed  or  with  a  slit  opening  at  noon  and  then  completely 
closed  until  after  10  p.  m.,  when  they  began  opening  again. 

The  guard  cells  of  the  seedling  are  most  sensitive,  opening  falling  from  100 
per  cent  to  20  per  cent  in  4  hours,  while  those  of  the  apex  of  an  adult  did  not 
close  to  this  degree  until  4  p.  m.  or  later.  Seedlings  3  months  old  show  a 
thin  layer  of  cuticle  and  a  well-developed  thin-walled  row  of  epidermal  cells, 
but  no  specialized  hypodermal  tissue.  There  is  a  gradual  increase  in  the 
number  of  layers  of  hypodermal  cells  with  the  age  of  the  plant,  material 
perhaps  10  years  old  showing  two  layers,  while  that  from  ancient  giants,  30 
feet  tall,  contains  eleven  layers.  In  the  earlier  stages  the  hypodermal  cells 
are  thin-walled  and  oblong  in  form.  As  the  wall  gets  thicker  with  age,  the 
form  of  the  protoplast  becomes  more  and  more  irregular  until  it  is  quite 
amoeboid  in  shape.  In  the  young  as  well  as  the  old  tissues,  the  substomatal 
cavity  is  cylindric  in  form  and  unbranched  and  lined  with  a  waxy  cuticle. 

Factors  Involved  in  Opening  and  Closing  Flowers,  by  G.  W.  Goldsmith  and 

A.  L.  Hafenrichter 

The  work  on  flower  behavior  has  been  continued  under  control  in  automatic 
ecostats.  These  have  been  equipped  with  several  improvements,  among 
which  are  a  plant  for  electrical  refrigeration,  standardized  illuminators,  etc., 
by  which  automatic  control  of  temperature,  humidity  and  light  are  obtained. 
These  improvements  and  additions  were  designed  especially  to  facilitate  the 
execution  of  prolonged  experiments  under  the  influence  of  variations  in  a 
single  factor. 

Ecostat  and  laboratory  experiments  were  carried  on  with  close  reference  to 
conditions  and  flower  behavior  in  the  field.  The  effects  of  cutting  were  again 
checked  by  a  field  comparison  of  the  behavior  of  cut  and  normal  flowers  and 
also  by  the  simultaneous  use  of  cut  and  rooted  material  in  the  experiments. 
The  length  of  stem  was  found  to  be  a  limiting  factor  for  some  species.  Thus, 
in  Gentiana  calycosa,  flowers  subjected  to  conditions  of  low  humidity  collapsed 
more  quickly  with  increasing  length  of  stem.  This  was  probably  due  to  a 
limited  rate  of  water  conduction.  This  factor  was  eliminated  by  cutting  all 
stems  to  an  equal  length  in  the  comparable  groups.  Microphysical  and 
microchemical  studies  were  made  with  especial  reference  to  changing  condi- 
tions within  the  petals  and  ray-flowers  at  times  of  opening  and  closing. 

The  factors  found  to  influence  the  movement  of  flower  parts  fall  into  three 
general  categories:  (1)  those  that  stimulate  the  movement  and  are  control- 
lable, such  as  temperature,  humidity  and  light;  (2)  those  that  can  not  be 
controlled  easily  and  may  be  designated  as  "inherent,"  as  daily  periodicity, 
age  and  certain  predetermining  causes;  (3)  individual  variation,  which  plays 
a  part  in  both  cases  but  more  especially  in  the  second.  The  flowers  employed 
respond  in  different  degrees  to  these  groups  of  factors.  Gentiana  frigida,  G. 
calycosa  and  G.  amarella  respond  mainly  to  temperature  changes  and  are  but 
slightly  affected  by  inherent  factors.  Acroclinium  roseum  is  especially  respon- 
sive to  changes  in  relative  humidity.  The  composites  show  a  marked  peri- 
odicity, but  at  certain  times  respond  readily  to  physical  factors,  such  as 
temperature  alterations.  In  such  species  as  Gentiana  frigida,  the  threshold 
of  stimulation  shows  a  positive  correlation  with  general  habitat  conditions, 
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the  flowers  from  the  cooler  habitats  exhibiting  a  lower  temperature  threshold 
than  those  from  the  warmer. 

Flowers  in  which  the  effects  of  the  inherent  factors  are  not  conspicuous  may 
be  caused  to  open  and  close  repeatedly  for  prolonged  periods  by  alternating 
the  factors  that  initiate  the  movement.  Flowers  of  Gentiana  calycosa  thus 
treated  exhibit  a  series  of  responses  that  gradually  decrease  in  extent  of  open- 
ing and  closing,  but  show  little  change  in  the  rate  of  movement.  If  this 
repeated  stimulation  is  continued,  the  curve  of  flower  movement  approaches 
a  straight  line  and  becomes  erratic  after  24  hours  in  the  ecostat  chambers, 
suggesting  "fatigue."  A  study  of  tissues  concerned  is  being  made  to  deter- 
mine whether  acidity  or  nutrition  may  offer  an  explanation  of  such  behavior. 

Various  tissue  layers  may  be  active  in  floral  movements.  The  exact  loca- 
tion of  regions  of  activity  must  be  determined  by  observation  of  the  regions 
of  curvature  in  the  flower.  At  the  points  most  actively  concerned  in  move- 
ment, there  is  in  most  flowers  an  osmotic  gradient  in  the  direction  of  move- 
ment. To  avoid  the  inaccuracy  of  the  plasmolytic  method,  a  micro-cryoscope 
has  been  developed  for  determining  the  freezing  point  of  cells  and  quantitative 
micro-methods  of  estimating  the  carbohydrates  have  been  employed.  Fur- 
ther knowledge  of  the  cell  and  tissue  functions  involved  in  flower  movement 
can  only  be  secured  by  means  of  such  micro-methods,  of  which  several  of  the 
more  promising  ones  are  being  rapidly  developed. 

Root  Development  of  Vegetable  Crops,  by  J.  E.  Weaver  and  Wm.  Bruner 

A  comprehensive  series  of  studies  on  the  root  development  of  vegetable 
crops  at  Lincoln,  Nebraska,  and  Norman,  Oklahoma,  have  been  completed.3 
Practically  all  of  the  common  garden  crops  including  37  species  or  varieties 
have  been  excavated  and  the  roots  mapped  and  described,  usually  at  three 
periods  during  their  development.  Extensive  analyses  have  been  made  of 
the  environmental  conditions  under  which  the  plants  grew  and  of  absorbing 
levels  and  root  distribution  in  relation  to  methods  of  cultivation.  Correla- 
tions have  also  been  established  between  root  habits  and  various  phases  of 
cultural  practice. 

Every  species  and  usually  every  variety  of  vegetable  was  found  to  have  its 
peculiarities  of  rooting  habit.  In  all  cases  the  root  systems,  compared  with 
tops,  were  very  extensive.  Many  roots  penetrated  3  to  5  feet  laterally  in  the 
cultivated  portion  of  the  soil  and  nearly  all  extended  deeply,  usually  4  to  10 
feet.  The  cucurbits  were  found  to  be  characterized  by  a  relatively  abbrevi- 
ated deeper  portion  of  the  taproot  system  which  is  important  only  in  the  early 
life  of  the  plant.  Later  the  numerous,  widely  spreading,  shallower  lateral 
branches  form  an  extensive  network  in  the  surface  soil.  They  frequently 
grow  at  the  rate  of  2.5  inches  per  day  and  reach  lengths  of  8  to  19  feet. 

Growth  and  Regeneration  in  Subtropical  Forests,  by  John  Phillips  2 

Growth-increment  data  collected  in  undisturbed  forest  indicate  the  general 
slowness  of  growth  of  the  indigenous  trees  as  compared  with  exotics  such  as 
Pinus  spp.,  Eucalyptus  and  Acacia  melanoxylon.  It  seems  that  some  of  the 
species  require  from  200  to  500  years  to  produce  individuals  5  to  6  feet  in 
girth  at  breast-height.  Height-increment  data  based  upon  the  measurement 
of  seedlings  and  saplings  growing  under  the  normally  close  canopy  of  undis- 
turbed forest  suggest  that  many  of  these  plants  may  be  several  to  many 
decades  old.     It  is  essential  to  emphasize,  however,  that  girth  and  height 

1  J.  E.  Weaver  and  Wm.  Bruner,  Root  development  of  vegetable  crops  (1927). 

2  The  Forest  Department,  South  Africa. 
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increments  are  very  much  greater  in  exploited  and  in  exploited  and  tended 
forest  than  they  are  in  undisturbed.  Of  the  12  more  important  species, 
Olinia  cymosa  is  the  fastest  growing,  with  Ocotea  bullata  a  good  second;  the 
slowest  is  the  endemic  Gonioma  kamassi. 

Dendrographic  experiments — employing  one  of  MacDougal's  improved 
instruments — have  been  carried  out  on  Ocotea  buttata,  the  first  subtropical 
species  to  be  studied  dendrographically.  The  reversible  variations — such  as 
have  been  described  as  occurring  in  various  American  species  by  MacDougal 
— are  well  demonstrated,  especially  on  hot,  dry  days  when  the  Foehnlike 
"Berg"  winds  blow.  The  amplitude  of  the  variations  has  been  reduced  by 
artificial  irrigation  and  by  lopping  off  definite  portions  of  the  crown.  Growth 
in  Ocotea  apparently  is  not  confined  to  season,  but  is  directly  related  to  the 
ecial  conditions  prevailing. 

The  regeneration  of  the  forests  is  being  studied  from  various  angles,  and  it 
is  being  demonstrated  that  a  very  high  degree  of  mortality  is  produced  by 
inherent  low  degree  of  fertility  in  the  flowers  and  in  the  fruits,  defeat  in  com- 
petition for  pollination,  irregular  occurrence  of  flowering  season,  poor  capacity 
of  seeds  for  lying  dormant,  unsuitable  germination  and  establishment  condi- 
tions, insects  and  fungi  attacking  flowers,  fruits  and  regeneration,  birds  and 
mammals  feeding  on  fruits  and  seeds,  and  the  reactions  of  plant  communities 
upon  the  prime  ecial  factors,  such  as  light  and  soil-moisture.  A  summary  of 
studies  concerning  this  factor  has  been  prepared. 

CLIMAX  AND  SUCCESSION 
Community  Functions,  by  F.  E.  Clements 

The  nature  of  the  community  as  a  complex  organism  has  been  further 
investigated  from  several  points  of  approach.  The  life-history  and  behavior 
of  a  considerable  number  of  such  organisms  have  been  studied  in  the  field, 
ranging  from  slime-molds  and  algae  through  fungi,  lichens  and  mosses  to  a 
wide  group  of  anthophytes,  especially  of  the  rhizome,  offset,  cushion  and 
sod  types.  From  another  direction,  confirmation  of  the  strong  community 
bond  between  plants,  even  those  of  annual  habit,  has  been  derived  from  the 
quantitative  studies  of  competition  cultures,  as  well  as  of  competition  in 
nature.  Investigations  of  changes  of  climate,  mass  migration  and  relicts 
have  contributed  a  body  of  evidence  to  the  same  purport,  while  the  new 
researches  in  paleo-ecology  make  it  certain  that  the  community  bond  expressed 
in  the  Sequoia  forest  and  in  the  grassland  climax,  for  example,  has  withstood 
the  vicissitudes  of  several  million  years.  Finally,  a  similar  view  of  the  animal 
community  has  been  developed  recently  by  Deegener  l  and  elaborated  in 
detail  in  a  volume  of  exceptional  interest. 

The  dynamic  or  functional  essence  of  the  community  is  represented  by 
three  fundamental  processes,  viz,  response,  reaction  and  coaction.  In  the 
first  are  comprised  several  functions,  growth,  aggregation,  migration  and 
ecesis.  Reaction  is  the  effect  exerted  by  dominant  and  subdominant  upon 
the  habitat;  and  coaction  the  effect  manifested  by  plants  or  animals  upon 
each  other  directly.  Competition  is  a  complex  function,  which  is  a  conse- 
quence of  reaction  in  part,  but  also  involves  response.  In  the  biotic  com- 
munity or  biome,  reactions  pertain  especially  to  the  plant  fundament,  while 
coactions  comprise  in  particular  the  relations  between  animals  or  between 
animals  and  plants. 

All  the  changes  that  occur  in  the  community  are  an  expression  of  one  or 
more  of  its  functions,  just  as  is  true  of  the  individual.     But  since  these  are 

1  P.  Deegener,  Die  Formen  der  Vergesellscha/tung  im  Tierreiche  (1918). 
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ultimately  responses  to  the  habitat,  they  fall  into  categories  of  different  rank. 
Such  categories  are  determined  by  cyclic  processes  in  the  habitat,  and  hence 
the  clearest  view  of  the  nature  and  significance  of  changes  in  the  community 
is  that  afforded  by  grouping  them  in  accordance  with  climatic  cycles,  suc- 
cession, annuation  and  aspection.  By  annuation  is  understood  all  those 
changes  in  growth,  abundance,  dominance,  etc.,  that  are  caused  by  changing 
factors  from  year  to  year  of  minor  climatic  cycles,  such  as  the  sunspot  cycle. 
The  term  aspection  is  naturally  derived  from  the  seasonal  aspects,  which  mark 
the  recurrence  of  the  seasons.  In  addition,  there  are  the  vast  number  of 
changes  represented  by  certain  types  of  coaction,  sometimes  of  great  moment 
as  in  the  case  of  grazing,  but  often  quite  insignificant. 

The  first  monograph  on  community  functions  was  Experimental  Vegetation, 
devoted  primarily  to  ecesis.  The  second,  Plant  Competition,  is  expected  to 
be  published  during  the  year.  The  study  of  community  migration  and 
evolution  is  well  advanced,  and  two  related  projects  on  reaction  have  been 
initiated  during  the  present  year. 

Plant  Competition,  by  F.  E.  Clements,  J.  E.  Weaver  and  H.  C.  Hanson 

A  special  study  of  competition  as  a  community  function  has  been  actively 
pursued  for  the  past  four  years  and  the  results  are  now  in  preparation  for 
publication.  The  field  has  been  covered  in  a  comprehensive  manner,  and  it 
is  hoped  that  the  methods  and  results  will  serve  for  the  adequate  organization 
of  this  subject,  as  well  as  contribute  directly  to  research  in  agriculture,  forestry 
and  grazing.  It  has  become  evident  that  competition  and  reaction  are  con- 
trolling processes  in  all  of  these  great  fields,  to  be  included  in  all  projects 
that  are  at  once  basic  and  thoroughgoing. 

In  the  development  of  methods,  the  selection  of  objectives  and  the  choice 
of  materials,  an  endeavor  has  been  made  to  represent  as  wide  a  range  of 
competition  effects  as  possible.  These  fall  readily  into  several  groups,  as 
follows:  (1)  natural  competition,  (2)  competition  cultures  in  native  communi- 
ties, (3)  cultures  in  field  crops,  (4)  control  cultures  in  the  greenhouse,  (5) 
functional  analysis  of  competition.  Approximately  100  species  were  studied 
in  the  various  cultures  and  experiments,  though  the  bulk  of  field  and  control 
operations  were  based  upon  a  small  number,  especially  Triticum,  Helianthus 
and  Xanthium.  The  investigations  were  carried  out  chiefly  in  the  true 
prairie  at  Lincoln  and  the  subclimax  prairie  and  deciduous  forest  at  Weeping 
Water,  Nebraska,  though  cultures  of  native  California  species  were  also 
grown  at  Santa  Barbara  during  two  seasons. 

While  the  competition  culture  was  based  essentially  upon  the  competition 
quadrat  devised  earlier  (Research  Methods  in  Ecology,  1905),  many  modifica- 
tions of  this  were  required  for  the  entire  range  of  experiments.  Thus,  it 
proved  desirable  to  sow  cultures  for  high  and  low  prairie  in  flats  with  remov- 
able bottoms,  which  were  later  placed  in  position  in  the  community  concerned. 
The  usual  methods  of  quadrating  were  inadequate  in  such  dense  cultures,  and 
these  were  divided  into  inch-squares  by  a  permanent  strap-iron  frame  with 
strong  cords.  Densities  of  planting  varied  with  the  species,  wheat  being 
sown  in  one-half  the  normal  rate,  normal,  2-normal  and  4-normal,  while 
sunflowers  were  planted  at  intervals  of  2,  4,  8,  16,  32  and  64  inches,  the 
California  natives  at  the  rate  of  4,  16,  64  and  256  to  2-foot  quadrats. 

Functions  were  measured  in  the  competitors,  as  well  as  by  means  of  phy- 
tometers  of  various  kinds.  Attention  was  paid  especially  to  transpiration, 
stomatal  behavior  and  starch  content,  but  frequent  measurements  were 
made  of  photosynthate,  root-pressure,  conduction  in  stems  and  osmotic 
pressures.     The  differences  in  the  functioning  of  dominant  and  suppressed 
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individuals  were  marked,  affording  a  clear-cut  analysis  of  the  course  of  com- 
petition. Special  series  of  cultures  were  devised  for  measuring  the  relative 
effectiveness  of  water,  light  and  nutrients  in  competition,  with  repeated 
confirmation  of  the  earlier  hypothesis  that  water  is  usually  controlling,  light 
next,  and  nutrients  least  important.  However,  it  became  clear  that  the  role 
of  nutrients  might  be  quite  different  in  a  grassland  climate  with  30  inches  of 
rainfall  from  that  in  a  forest  climate  with  much  higher  rainfall. 

Research  in  Forest  Influences x 

A  cooperative  project  on  the  influences  of  forest  communities,  exhaustive 
in  scope  and  extensive  in  area,  has  been  organized  in  Southern  California 
during  the  year.  This  concerns  itself  primarily  with  the  relation  of  forest  in 
particular  and  vegetation  in  general  to  runoff,  erosion,  water  supplies,  rain- 
fall, etc.  In  essentials  it  is  the  problem  of  the  reaction  of  the  plant  cover  in 
the  widest  sense,  though  it  necessarily  involves  other  functions  of  the  com- 
munity, particularly  competition.  Its  solution  demands  a  clear  recognition 
of  the  distinction  between  climax  and  successional  vegetation,  and  depends  in 
the  first  instance  upon  the  methods  of  quantitative  ecology,  the  measurement 
of  habitat  by  instruments  and  of  community  by  quadrat  and  transect.  In  a 
region  with  winter  precipitation,  all  of  these  are  related  to  the  cycle  of  rainfall, 
runoff  and  evaporation  as  the  paramount  objective,  upon  which  rests  the 
prosperity  and  growth  of  both  agricultural  and  urban  communities. 

The  main  points  of  attack  in  this  complex  of  problems  are  as  follows:  (1) 
structure,  development  and  mapping  of  the  vegetation,  and  its  manipulation, 
(2)  measurement  of  the  environment,  both  in  the  large  and  in  detail,  (3)  the 
fire  hazard  in  relation  to  climate,  topography,  cover,  etc.,  (4)  erosion,  flood 
control  and  water  conservation,  (5)  forecast  and  prediction  in  relation  to 
vegetation,  climate,  erosion  and  floods,  and  water  supplies.  The  chief 
features  of  the  California  climaxes  and  successions  have  been  worked  out 
during  the  past  14  years  and  the  major  tasks  are  to  map  them  in  detail  and 
to  establish  stations  for  experimental  exclosures  and  instrument  batteries.2 
Fire  hazard  and  control  have  also  been  subjects  of  investigation,3  thus  leaving 
erosion  and  floods,  and  methods  of  anticipating  changes  of  vegetation,  varia- 
tion in  rainfall,  etc.,  as  the  fields  in  which  advances  are  most  needed. 

The  technique  for  intimate  studies  of  runoff  and  erosion  on  forested  and 
denuded  soils  has  been  worked  out  by  Lowdermilk 4  in  his  researches  in  China, 
and  experimental  areas  of  similar  type  have  been  installed  in  Barranca  Burn, 
near  the  main  base  at  Devil's  Canyon.  This  burn  of  about  200  acres  com- 
prises a  unit  catchment  basin  and  furnishes  an  excellent  opportunity  for 
studies  of  plant  succession  following  fire,  of  the  effect  of  the  successive  com- 
munities on  runoff  and  erosion,  and  of  their  relation  to  the  water-cycle  as 
expressed  in  rainfall,  interception  and  condensation,  evaporation  and  trans- 
piration, water-content  of  the  soil,  underground  supplies  and  discharge  to  the 
ocean.  The  Barranca  Burn  has  been  mapped  in  detail,  exclosures  for  suc- 
cessional studies  installed,  and  a  complete  battery  of  instruments  for  measur- 
ing the  physical  factors  placed  in  the  area,  while  dams  equipped  with  weir 
basins  and  self-recording  stream-gages  are  being  constructed. 

1  TJ.  S.  Forest  Service,  E.  I.  Kotok,  C.  J.  Kraebel,  W.  C.  Lowdermilk;  Carnegie  Institution, 
F.  E.  Clements. 

2  Plant  succession  (1916);  Plant  indicators  (1920);  Plant  succession  and  indicators  (1927). 

3  S.  B.  Show,  and  E.  I.  Kotok,  The  role  of  fire  in  California  forests,  U.  S.  Dept.  Agr.  Bull., 
1294  (1924). 

4  W.  C.  Lowdermilk,  The  changing  evaporation-precipitation  cycle  of  North  China,  Proc. 
Eng.  Soc.  China,  25,  97-128  (1925). 
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Through  the  financial  cooperation  of  the  several  counties,  conservation  and 
fire-protection  associations  and  of  interested  individuals,  it  is  hoped  to  estab- 
lish an  exclosure  and  battery  station  in  each  ranger  district  of  the  four 
National  Forests  in  Southern  California.  These  will  be  articulated  with  the 
main  station  of  the  Forest  Service  at  Devil's  Canyon  in  the  San  Bernardino 
Mountains,  and  with  the  ecological  base  at  Santa  Barbara.  It  is  expected 
that  a  third  base,  for  San  Diego  County,  will  be  developed  at  Torrey  Pines 
Preserve  near  La  Jolla. 

Origin  and  Structure  of  the  Alpine  Climax,  by  F.  E.  Clements  and 

C.  W.  Penland 

The  studies  in  this  field  have  been  organized  about  the  extensive  alpine 
complex  of  the  Pikes  Peak  range  as  a  center  for  experimental  and  comparative 
procedure.  Colorado  is  probably  unrivaled  in  the  number  of  high  peaks  and 
the  total  area  of  alpine  vegetation.  Of  the  59  named  peaks  in  the  United 
States  above  14,000  feet,  Colorado  possesses  46,  California  12,  and  Wash- 
ington 1,  while  the  first  contains  815  summits  above  11,000  feet,  the  average 
altitude  for  timber-line.  It  offers  in  consequence  the  best  of  all  opportunities 
for  investigating  the  alpine  climax  of  North  America  and  relating  it  phylo- 
genetically  to  the  arctalpine  vegetation  of  the  northern  hemisphere. 

The  approach  to  this  problem  is  being  made  along  four  major  lines.  The 
most  direct  is  concerned  with  the  comparative  study  of  the  flora  and  vegeta- 
tion on  the  highest  and  most  extensive  peaks,  especially  those  exceeding 
14,000  feet.  It  deals  on  the  one  hand  with  the  mass  migration  and  evolution 
of  the  flora,  and  on  the  other  with  the  structure  of  the  climax  and  its  develop- 
ment in  terms  of  the  hydrosere  and  xerosere.  A  number  of  summits  have 
been  explored  this  summer  and  it  is  hoped  to  take  all  of  the  major  ones  into 
the  ultimate  plan,  as  well  as  the  important  alpine  areas  of  the  Sierra  Nevada. 
This  is  expected  to  provide  an  adequate  basis  for  comparisons  with  the  arctic 
climax  of  North  America  and  the  arctalpine  climaxes  of  Eurasia. 

The  experimental  aspect  of  the  project  involves  the  development  of  an 
alpine  garden  at  different  levels  in  the  alpine  zone  of  Pikes  Peak.  It  has 
been  initiated  by  transplanting  from  other  summits  the  species  not  found  here, 
in  the  hope  of  including  all  such  species  found  in  Colorado.  Reciprocal 
transfers  on  an  adequate  scale  between  California  and  Colorado  are  con- 
templated, and  steps  have  been  taken  to  secure  representative  groups  of 
holarctic  species  from  Alaska,  Greenland  and  northern  Europe. 

Limiting  Factors  of  Forest,  Chaparral,  and  Grassland,  by  F.  E.  Clements, 

A.  G.  Vestal  and  J.  V.  Simon 

Three  instrument  stations  have  been  established  on  Jasper  Ridge  near 
Stanford  University  for  the  comparative  study  of  north-slope  forest  contain- 
ing Sequoia  relicts,  bunch-grass  prairie  of  the  top,  and  chaparral  of  Adenostoma 
on  the  west  slope.  In  addition  to  the  regular  batteries,  auxiliary  stations 
and  instruments  give  controls  for  measuring  the  effect  of  shade  and  shelter 
upon  evaporation  and  soil  temperature,  of  slope-exposure  on  air-temperature, 
etc.  Marked  differences  were  found  to  occur  between  forest  and  the  other 
two  types,  but  between  chaparral  and  grassland  the  differences  were  slight 
and  probably  to  be  ascribed  to  local  conditions  of  exposure  and  reaction. 
The  rapid  change  of  conditions  at  the  decline  of  the  rainy  season  is  strikingly 
disclosed  by  the  record. 

A  by-product  of  the  main  investigation  is  a  series  of  water-content  readings 
in  the  grassland  for  the  rainy  seasons  of  1923-24  and  1926-27, l  which  reveals 
the  wide  variation  in  water-content  values  between  extremes  and  serves  to 

1  The  1923-24  records  were  made  by  J.  M.  Harper,  Year  Book  No.  25,  349. 


ECOLOGY 


327 


explain  the  mixture  of  communities  in  the  ecotone  and  in  fragmented  habitats. 
In  the  following  table,  the  time-moisture  value  is  the  product  of  mean  chresard 
by  the  number  of  days  water  is  available.  The  wilting  coefficient  is  desig- 
nated by  W.  C,  while  the  soil-level  concerned  was  from  0  to  6  inches. 

Table  2— Chresard  of  grassland  for  extreme  years 


Year 

W.  C. 

Rain- 
fall, 
Palo 
Alto 

Dry 

inter- 
vals 

Days 
above 
W.  C. 

Mean 
value 
above 
W.  C. 

Max. 
value 
above 
W.  C. 

Time- 
mois- 
ture 
value 

Ratio 

1923-24  (X.) 

18.8 

6.61 

4 

78 

3.6 

10.1 

274.8 

1.0 

1926-27  (G.) 

20.2 

16.59 

0 

189 

8+ 

16+ 

1512+ 

5.6+ 

Extent  and  Nature  of  the  Coastal  Prairie,  by  F.  E.  Clements  and  B.  C.  Tkarp 

The  most  characteristic  dominant  of  the  coastal  prairie  is  Stipa  leucotricha, 
which  is  practically  confined  to  it  in  this  role.  The  other  extensive  domi- 
nants, such  as  Andropogon  saccharoides,  Bulhilis  dactyloides  and  Hilaria 
cenchroides,  take  an  important  part  in  adjacent  associations,  and  hence  are 
much  less  useful  in  tracing  limits.  However,  since  this  prairie  is  mixed  in 
character,  consisting  of  both  tall  and  short  grasses,  Bulbilis  can  be  employed 
to  mark  the  eastern  limits  as  determined  by  the  overgrazing  that  permits  its 
spread.  The  two  genera  are  almost  exact  opposites  ecologically:  Stipa  is  a 
tall  bunch-grass  that  spreads  chiefly  by  seed,  while  Bulbilis  is  a  sod-forming 
short-grass,  with  a  remarkable  ability  to  increase  its  area  by  means  of  stolons. 
More  significant  still  is  the  fact  that  Stipa  begins  growth  very  early  in  the 
spring  and  hence  is  more  severely  grazed  than  any  of  its  associates,  while  the 
later  appearance  of  Bulbilis,  together  with  its  sod  habit  and  propagation  by 
stolons,  makes  it  unique  among  native  grasses  in  being  actually  benefited  by 
grazing. 

Field  studies  of  the  season  place  the  western  limit  of  Stipa  as  a  dominant 
along  the  99th  meridian  in  central  Texas  as  far  north  as  Young  County, 
whence  it  inclines  eastward,  crossing  Red  River  in  the  vicinity  of  the  98th 
meridian.  Southward  the  swing  is  also  to  the  east  through  Gillespie,  Bexar, 
Bee  and  Nueces  Counties.  The  extreme  western  limit  observed  was  on  the 
upper  Brazos  River  in  Fisher  County,  slightly  beyond  the  100th  meridian. 
Westward  along  the  "breaks"  leading  up  to  the  Great  Plains,  where  Andro- 
pogon scoparius  is  abundant  and  A.  saccharoides  not  infrequent,  Stipa  has  not 
been  found,  probably  because  of  its  typically  climax  nature.  As  to  Bulbilis, 
the  last  eastern  outposts  were  noted  near  Paris  in  Lamar  County;  beyond 
this  point,  grazed  areas  are  dominated  by  Capriola. 

Associes  of  Padre  Island  and  Vicinity,  by  B.  C.  Tharp 

Padre  Island  forms  a  barrier  125  miles  long  and  3  miles  wide  that  stretches 
almost  due  south  from  Corpus  Christi  to  Point  Isabel  along  the  most  arid 
portion  of  the  Texas  coast.  Its  complementary  embayment,  Laguna  Madre, 
varies  in  width  from  6  to  15  miles,  in  depth  from  shallow  flats  to  several  feet 
of  water,  and  is  dotted  with  small  islets.  The  successional  development  on 
Padre  Island  differs  strikingly  from  that  on  the  islets  and  the  mainland  in  the 
absence  of  woody  vegetation  and  the  presence  of  Uniola  paniculata  as  the 
typical  pioneer  grass. 
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The  absence  of  woody  vegetation  on  Padre  is  noteworthy  because  of  its 
dominance  over  most  of  the  adjacent  mainland,  including  fixed  dunes.  On 
fine  soils  the  scrub  is  chaparral  of  Prosopis,  Zizyphus,  Condalia,  Adelia,  etc., 
often  of  striking  density,  while  on  fixed  dunes  it  is  mesquite  savannah,  or  less 
commonly  small  trees  of  Quercus  virginiana  sufficiently  close  to  constitute 
woodland.  Chaparral  simulates  a  true  climax,  as  is  indicated  by  its  density 
on  protected  lagoon  islets  similar  in  soil-texture  to  the  mainland.  Such  islets 
are  ungrazed  and  show  no  evidence  of  fire,  so  that  the  scrub  can  not  be  ex- 
plained as  a  consequence  of  disturbance.  Fixed  dunes  on  the  mainland  are 
covered  as  a  rule  by  stunted  Quercus  virginiana,  mixed  with  much  Persea 
borbo?iia  northward  and  giving  way  to  the  south  to  Prosopis  or  mesquite 
savannah.  Not  a  single  shrub  was  observed  on  Padre  Island  in  spite  of  the 
abundance  of  edible  fruits  on  adjacent  islands  and  of  birds  to  serve  as  dis- 
seminators. One  or  two  specimens  of  suffruticose  Sophora  tomentosa  (a 
Florida  species  not  previously  found  in  Texas)  and  an  abundance  of  Croton 
punctatus  constitute  the  nearest  approach  to  a  scrub  associes. 

Uniola  paniculata,  the  most  important  dune-building  pioneer  on  Padre 
Island,  is  associated  in  the  southernmost  part  with  sparse  Andropogon 
scoparius  and  Eragrostis  secundiflora,  the  chief  socies  being  Ipomoza,  Physalis, 
Chamxcrista.  etc.  On  the  fiats  to  the  leeward  an  associes  of  Spartina- 
Sporobolus-Monanthochloa  replaces  the  dune  population,  being  characteristic 
of  such  habitats  along  the  entire  coast.  Of  the  dune  consocies  Uniola  grows 
scarcer  northward,  Andropogon  more  abundant,  while  Paspalum  ciliatifolium 
becomes  more  and  more  controlling  and  Cenchrus  paucifiorus  of  considerable 
importance. 

Research  in  the  Deciduous  Forest  and  Grassland  Formations,  by  J.  E.  Weaver, 
John  Aikman,  A.  E.  Holch,  T.  L.  Steiger,  Wm.  Bruner  and  H.  J.  Cottle l 

A  group  of  five  correlated  studies  has  been  developed  in  the  deciduous 
forest,  subclimax  and  true  prairies  of  eastern  Nebraska  and  of  Oklahoma,  and 
in  the  desert  plains  of  western  Texas.  In  tracing  the  shrinkage  of  the  forest 
along  the  Missouri  River,  Mr.  Aikman  has  found  that  the  200  most  important 
species  of  this  climax  have  been  reduced  to  half  or  less  in  southeastern  Neb- 
raska and  that  only  43  of  these  still  persist  in  the  northeast.  The  forest  is 
best  developed  and  spreads  many  miles  back  from  the  river  and  over  the 
uplands  in  the  southeast,  but  is  greatly  diminished  in  height  and  richness  and 
barely  extends  beyond  the  river  slopes  along  the  boundary  of  South  Dakota. 
In  the  order  of  increasing  xerophytism,  the  chief  communities  are  (1)  Tilia 
americana-Quercus  rubra,  (2)  Q.  velutina-Hicoria  ovata,  (3)  Q.  macrocarpa- 
Hicoria  minima,  with  an  associes  of  Ulmus-Frazinus-Juglans  on  the  flood- 
plains.  It  is  significant  that  the  local  sequence  of  the  dominants  does  not 
accord  with  the  climatic,  the  climax  Tilia  persisting  beyond  all  its  associates 
with  the  exception  of  Q.  macrocarpa,  owing  to  its  assured  water-supply. 

An  intensive  study  of  conditions  in  the  deciduous  forest  of  southeastern 
Nebraska  is  being  carried  out  by  Mr.  Holch.  The  physical  factors  are  being 
measured  in  consociations  of  Tilia  and  of  Quercus  macrocarpa,  as  well  as  in 
adjacent  grassland.  Growth  conditions  in  each  are  recorded  by  means  of 
seedling  phytometers  of  Quercus  macrocarpa,  Q.  rubra,  Hicoria  ovata,  Juglans 
nigra  and  Tilia  americana,  all  native  to  the  region.  These  are  grown  on  the 
forest  floor,  in  large  containers,  as  well  as  in  smaller  ones  more  readily  weighed. 
Transpiration,  photosynthate,  conduction,  leaf  area,  root  form  and  extent, 
dry  weight,  etc.,  are  being  followed  for  each  species  in  all  three  habitats. 

1  Of  the  University  of  Nebraska. 
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The  most  striking  differences  in  growth  for  the  first  season  occurred  in  the 
roots,  these  being  respectively  4,  2  and  1  foot  for  bur-oak  from  prairie  to  the 
linden  community,  while  the  stems  were  15,  13  and  12  inches. 

A  comparative  study  of  the  structure  of  the  true  prairie  climax  at  Lincoln 
and  the  subclimax  prairie  at  Nebraska  City  is  being  made  by  Mr.  Steiger. 
In  these  regions  a  number  of  prairie  areas  of  a  square  mile  or  so  are  still  intact 
and  undisturbed  except  by  annual  mowing.  The  water-content,  soil  nitrates, 
light  and  other  aerial  factors  of  the  habitat  and  the  response  of  the  community 
in  growth  and  dry  weight  are  being  followed  in  major  quadrats  4  meters 
square,  forming  a  series  ranging  from  intact  controls  through  denuded, 
clipped,  watered,  watered  and  fertilized  to  competition  units  from  which  the 
legumes  have  been  removed.  On  the  high  prairie  at  Lincoln  the  unit  yield 
in  the  control  was  5,293  grams,  that  of  the  watered  area  5,869  grams,  and  of 
the  quadrat  without  the  legumes  but  4,094  grams.  High  prairie  yielded  only 
60  per  cent  as  much  as  lowland,  a  difference  that  increases  with  the  advance 
of  the  season.  The  reduction  of  the  light  intensity  in  prairie  to  4  to  18  per 
cent  in  consequence  of  shading  by  the  upper  layers  was  checked  by  means  of 
shade-tents,  in  which  the  vegetation  flourished  under  a  value  as  low  as  18 
per  cent. 

The  investigation  of  the  area,  structure  and  climatic  relations  of  the  forest 
and  grassland  communities  of  Oklahoma  by  Mr.  Bruner  indicates  that  these 
are  in  essential  accord  with  the  climaxes  already  distinguished  to  the  north 
and  south.  The  deciduous  forest  formation  is  represented  in  the  northeast 
and  southeast  by  the  Quercus-Hicoria  association,  more  or  less  mixed  with  the 
subclimax  of  shortleaf  pine  (Pinus  echinata).  This  is  bordered  on  the  west 
by  a  relatively  narrow  strip  of  subclimax  prairie,  which  also  separates  the 
two  forest  areas.  The  central  part  of  the  state  corresponds  to  the  true 
prairie  climate,  but  the  high  chresard  of  the  sandy  soil  permits  much  of  it  to 
be  occupied  by  a  postclimax  of  oak  woodland  (Quercus  marilandica-Q.  stel- 
lata),  practically  identical  with  the  "Cross  Timbers"  of  Texas.  The  western 
third  or  more  of  the  state  is  covered  with  mixed  prairie,  which  is  reduced  to  a 
grazing  subclimax  of  short-grasses  over  most  of  its  area.  Throughout  this 
association,  and  to  some  extent  in  the  true  prairie,  a  broad  mantle  of  dune- 
sand  stretches  along  the  courses  of  several  parallel  rivers,  reducing  the  con- 
trol of  the  dry  climate  and  permitting  the  subclimax  prairie  of  the  east  to 
persist  far  beyond  its  proper  limits. 

Intensive  studies  of  the  desert  plains  are  under  way  at  Alpine  in  south- 
western Texas,  where  Mr.  Cottle  has  installed  exclosures  and  quadrats  for 
following  the  changes  due  to  grazing  especially.  The  dominants  are  various 
species  of  Bouteloua  and  Aristida,  some  of  the  latter  indicating  the  earlier 
stages  of  overgrazing,  and  Gutierrezia  the  later.  Lowland  areas  and  depres- 
sions are  dominated  by  Hilaria  mutica,  which  is  subclimax  to  the  short- 
grasses.  Extensive  determinations  of  water-content  have  shown  that  the 
latter  obtain  their  water-supply  chiefly  in  the  surface  foot  of  soil.  In  the 
"breaks"  and  rimrock,  as  well  as  in  places  where  overgrazing  and  consequent 
erosion  have  broken  the  hold  of  the  grasses,  tall-grasses,  shrubs  and  scattered 
Juniperus  occur.  The  ecotones  between  climax  grassland  on  xerocline  and 
oak  woodland  of  Quercus  grisea  on  mesocline  slopes  are  pronounced  and  the 
factor  differences  correspondingly  great.  Water-content  on  the  mesocline  is 
often  twice  as  great,  the  soil  temperature  10°  to  22°  F.  lower,  and  evaporation 
only  about  60  to  70  per  cent  of  that  on  the  xerocline.  The  habitat  relations 
of  the  dominants  and  the  more  important  subdominants  are  being  worked 
out  in  connection  with  a  thorough  factor  analysis  of  the  various  areas. 
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Succession  in  the  Coastal  Plain  of  North  Carolina,  by  B.  W.  Wells 

As  a  result  of  a  seven-year  study  of  the  climaxes  and  related  successions  in 
North  Carolina,  a  comprehensive  outline  has  been  prepared  of  the  com- 
munities of  the  Coastal  Plain,  accompanied  by  a  discussion  of  the  associes 
of  the  various  seres.     The  account  of  this  is  now  in  course  of  publication. 

In  further  execution  of  the  plan  for  an  intensive  study  of  outstanding  com- 
munities, work  has  been  begun  on  the  coarse  sand  uplands  during  the  current 
season.  These  occur  in  southeastern  North  Carolina,  the  later  stages  being 
well-developed  on  the  high  sandhills  in  the  vicinity  of  Pinehurst.  On  these 
desert-like  sands,  the  water  relations  are  controlling,  and  hence  especial 
attention  is  being  paid  to  measurement  of  evaporation,  transpiration  and 
holard.  The  characteristic  associes  consists  of  Quercus  catesbaei  and  Aristida 
stricta,  while  the  subclimax  is  formed  by  Q.  marilandica,  which  marks  the 
transition  to  the  mesophytic  climax. 

Succession  in  an  Upland  Grass-sedge  Bog,  by  B.  W.  Wells  and  I.  V.  Shunk 

The  intensive  investigation  of  this  characteristic  serai  community  in  rela- 
tion to  water-table  and  aeration  has  been  completed  for  publication,  as  has 
also  the  account  of  its  position  and  significance  in  the  general  climax  develop- 
ment of  the  region.  In  addition,  this  study  of  the  hydrosere  has  an  important 
bearing  upon  that  of  the  xerosere  in  the  sand  uplands,  since  both  lead  to  the 
same  climax.  A  special  feature  of  great  value  has  been  the  study  of  the 
microbiology  of  the  bog  soil,  with  its  possibility  of  throwing  light  upon  the 
sequence  involved  in  aeration,  respiration,  acidity,  etc. 

Succession  and  Forest  Types  in  the  Knysna  Region,  by  John  Phillips 

A  monograph  embodying  the  results  of  the  past  five  years'  study  of  suc- 
cession, as  well  as  the  primary  ecial  factors  and  the  reactions  of  the  community, 
has  been  completed.  The  study  of  the  important  community  of  Virgilia 
capensis  has  been  continued,  and  several  modifications  of  the  wide-spread 
Podocarpus-Olea  have  been  defined.  In  addition,  a  classification  of  the  more 
important  forests  of  the  region  into  forest  types  based  upon  the  structure  of 
the  dominant  communities  and  upon  the  mean  holard  at  depths  of  12  to  24 
inches  was  attempted  with  comparative  success.  The  main  types  are:  (1) 
forest  of  dry  type,  with  holard  of  30  to  35  per  cent  on  dry  weight,  (2)  forest  of 
medium-moist  type,  holard  45  to  60  per  cent,  (3)  forest  of  moist  type,  holard 
100  to  170  per  cent.  The  floristic  differences  between  these  is  not  great,  the 
distinctions  residing  chiefly  in  the  general  structure  and  the  vigor  of  the  domi- 
nants. Layer-societies  of  Trichocladus  crinitus  characterize  the  first  two  types 
while  the  moist  type  exhibits  a  luxuriant  layer  of  Hemitelia  capensis.  This 
difference  is  significant  both  ecologically  and  silviculturally,  since  the  two 
diy  types  require  the  removal  of  Trichocladus  to  afford  sufficient  light  and 
holard  for  regeneration,  while  the  moist  type  does  not  reproduce  under  the 
shade  of  Hemitelia,  since  the  latter  reduces  evaporation  to  the  point  where  the 
water-content  becomes  excessive. 

Data  have  been  collected  as  to  the  average  root  depths  of  large  individuals 
of  the  more  important  species;  in  relation  to  size  of  trunk  and  crown,  the  root 
systems  are  remarkably  shallow.  The  investigation  of  the  roots  of  all  the 
species  of  trees  and  shrubs  reveals  the  fact  that  mycorrhizas  are  completely 
absent  and  that  the  roots  of  but  three  species  of  trees,  viz,  Podocarpus  thun- 
bergi,  P.  elongata  and  the  leguminous  Virgilia,  show  the  presence  of  appar- 
ently symbiotic  strains  of  Pseudomonas  radicicola. 
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Climaxes  and  Successions  in  the  "Gambia"  of  Roumania,  by  Al.  Borza1 

The  "Campia"  is  an  almost  completely  imforested  hill  region  with  broad 
valleys,  which  occupies  an  area  of  about  5,000  square  kilometers  in  Central- 
siebenbiirgen.  The  soil  is  generally  fertile  and  maize  is  the  chief  crop.  The 
natural  vegetation  has  very  largely  disappeared,  since  the  region  has  been 
devoted  to  agriculture  and  grazing  for  several  thousand  years,  but  small 
relict  forests  of  oak  are  still  to  be  found  on  many  northerly  slopes.  Especially 
extensive  and  characteristic  are  the  hay-meadows,  which  were  probably  often 
developed  from  clearings,  as  indicated  by  relict  forest  herbs.  Hills  with 
southerly  exposition  exhibit  xerophytic  communities  of  grasses  and  bushes, 
while  true  steppe  also  occurs,  dominated  by  several  species  of  Stipa  and  An- 
dropogon. 

Two  reserves  are  already  available  for  ecological  experimentation,  and  it 
is  hoped  to  install  others  in  the  northern  and  southeastern  portions  of  the 
region.  Exclosures  and  quadrats  have  been  installed,  and  instrumental 
stations  are  to  be  established  in  the  four  areas.  Denuded  and  burn  quadrats 
are  also  being  employed  in  the  studies  of  succession  in  grassland,  especially 
with  respect  to  variations  on  north  and  south  slope-exposures. 

The  plan  of  attack  is  a  comprehensive  one,  based  in  the  first  instance  upon 
detailed  analysis  of  the  various  habitats  by  means  of  instruments,  the  recon- 
struction of  climaxes,  the  tracing  of  successional  movement,  and  the  use  of 
natural  vegetation  as  indicators  for  agriculture  and  forestry.  Upon  this 
basis  is  organized  the  experimental  study  of  forest  with  reference  to  its  former 
extent,  the  phytometric  study  of  habitats  with  regard  to  reforestation,  the 
course  of  competition  and  ecesis,  etc.  The  grassland  lends  itself  even  more 
readily  to  the  methods  of  experimental  vegetation,  and  similar  studies  are 
projected  in  connection  with  agriculture  and  native  as  well  as  ruderal  com- 
munities. 

BIO-ECOLOGY 

Concepts  and  Objectives  in  Bio-ecology,  by  F.  E.  Clements  and  V.  E.  Shelford 

The  term  "bio-ecology"  has  been  employed  not  to  designate  a  new  field 
but  with  the  intention  of  emphasizing  the  essential  unity  of  ecology  and  the 
necessity  of  a  broader  approach  than  the  specialized  training  of  botanists  and 
zoologists  has  permitted.  The  natural  divergence  of  plant  and  animal 
ecology  by  virtue  of  the  difference  in  materials  has  been  increased  by  the 
tendency  of  the  one  to  place  greater  weight  upon  the  field,  the  other  upon  the 
laboratory.  If  ecology  is  to  justify  its  name,  it  is  obvious  that  the  field  must 
be  paramount,  but  it  is  equally  clear  that  it  must  not  only  apply  better  and 
better  laboratory  methods  in  the  habitat,  but  must  likewise  use  the  laboratory 
itself  whenever  maximum  control  is  essential. 

The  coordination  of  plant  and  animal  ecology  was  difficult  if  not  impossible 
until  the  former  had  devised  adequate  and  comprehensive  methods  for  quan- 
titative and  experimental  studies  in  the  field  and  had  organized  vegetation 
upon  the  developmental  basis.  This  once  done,  it  soon  became  evident  that 
the  recognition  of  plant  and  animal  communities  as  separate  units  did  violence 
to  the  facts,  and  served  chiefly  to  obscure  or  ignore  the  basic  relations  between 
plants  and  animals.  The  present  endeavor  to  organize  ecology  as  a  unit  is 
based  upon  a  number  of  guiding  principles,  of  which  the  following  are  perhaps 
the  most  important.  Each  community  is  a  complex  of  individual  and  group 
responses  to  the  habitat,  upon  which  in  turn  the  dominant  species  react, 

1  University  of  Cluj,  Roumania. 
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while  the  organisms  exhibit  coactions  with  each  other.  Development 
furnishes  the  only  proper  basis  for  a  natural  system  of  communities,  and  the 
distinction  between  climax  and  serai  communities  is  thus  of  the  first  impor- 
tance. Measurement  and  experiment  in  the  field  are  indispensable  to  an 
exact  ecology,  quantities  being  as  necessary  in  application  to  organisms  as 
to  factors.  Dominance  based  upon  reaction  is  the  chief  key  to  the  role  of 
species  in  the  community.  On  land,  plants  are  the  universal  dominants, 
though  not  to  the  entire  exclusion  of  animals,  while  in  the  ocean  and  all 
major  water-bodies  animals  constitute  the  dominants,  and  plants  are  second- 
ary. The  concepts,  methods  and  terms  already  developed  in  plant  ecology 
are  equally  applicable  in  bio-ecology  with  slight  modifications  and  certain 
additions. 

Comparison  of  Marine  and  Terrestrial  Biomes,  by  V.  E.  Shelf ord 

On  the  land,  plants  are  attached  to  the  soil,  and  plant  communities  (so- 
called)  have  as  a  rule  been  studied  quite  independently  of  the  animals  in 
them.  Likewise,  the  animal  communities  of  the  sea-bottom  about  Denmark 
have  been  worked  out  as  to  the  relatively  stationary  forms,  but  the  motile 
animals  have  not  been  fully  correlated  with  them,  either  in  quantity  or  dis- 
tribution. The  work  of  outstanding  value  in  this  field  has  been  done  by 
Petersen  and  his  colleagues  at  the  Danish  Biological  Station.1  Petersen 
recognized  the  marine  communities  in  the  course  of  work  on  the  quantity  of 
fish-food  available,  as  an  incident  in  the  main  investigation.  The  quanti- 
tative nature  of  the  data  render  it  possible  to  characterize  the  communities 
by  predominating  species  on  the  basis  of  (1)  dry  weight,  (2)  number  of 
individuals  per  unit  area  and  (3)  uniformity  of  distribution.  No  attempt  was 
made  to  distinguish  different  ranks  of  communities  and  the  same  general 
term  was  applied  to  all  of  them. 

By  applying  the  principles  employed  by  Clements  2  in  dealing  with  ter- 
restrial climaxes,  especially  the  grassland,  formations,  associations  and 
societies  can  be  clearly  recognized.  This  may  be  illustrated  by  one  of  the 
bottom  formations,  as  follows: 

Brissopsis-Abra  Formation: 

1.  Brissopsis-chiajei  Association  (characterized  by  Amphiura  chiajei). 

2.  Brissopsis-sarsii  Association  (characterized  by  Ophioglypha  sarsii). 

A  small  worm,  Haploops,  is  very  abundant  locally  in  this  latter  association, 
the  character  of  the  bottom  is  changed  and  the  usual  dominants  partially 
suppressed,  resulting  in  a  definite  society. 

The  continued  quantitative  studies  of  Jensen  and  of  Blegvad  covering 
these  bottom  communities  for  a  number  of  years  have  shown  a  marked 
fluctuation  from  year  to  year,  essentially  identical  with  the  process  of  annua- 
tion  on  land.  In  1911  Corbula  was  reduced  almost  to  extinction,  and  Abra 
underwent  a  similar  diminution  in  1912.  Blegvad's  results  indicate  that  a 
number  of  predominants  fluctuate  in  unison  as  a  rule,  again  in  harmony  with 
the  procedure  on  land. 

Bio-ecology  of  Subclimax  Sagebrush,  by  A.  0.  Weese 

During  the  past  two  summers  a  beginning  has  been  made  in  the  study  of 
the  sagebrush  subclimax  in  western  Colorado.  The  methods  employed 
include  quadrat  studies  of  the  vegetation  with  correlated  quantitative  deter- 

1  C.  G.  J.   Petersen,   The  animal  communities  of  the  sea  bottom  and  their  importance  for  marine 
zoogeography,  Dan.  Biol.  Stat.  Rep.,  1  (1913). 

2  Plant  succession  {1916);  Plant  indicators  {1920);  Plant  succession  and  indicators  {1927). 
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urinations  of  the  animal  population  and  the  measurement  of  such  physical 
factors  as  humidity,  temperature,  evaporation,  water-content,  etc.,  through- 
out the  season.  This  community  presents  certain  problems  peculiar  to  it  by 
reason  of  its  being  the  consequence  of  overgrazing  in  mixed  prairie,  as  well  as 
by  the  frequent  inclusions  of  relict  aspen  and  coniferous  forest.  The  animal 
populations  of  communities  dominated  respectively  by  Artemisia  tridentata, 
the  typical  sagebrush  dominant,  by  A.  arbuscula  and  by  A.  cana  differ  sig- 
nificantly. Some  forms,  such  as  certain  grasshoppers,  Aleyrodidse,  and  leaf- 
hoppers,  seem  to  be  restricted  to  Artemisia  and  in  some  cases  to  certain 
species  of  this  genus.  Related  studies  have  been  made  in  the  relict  aspen 
forest,  where  the  animals  are  much  more  varied  and  abundant  than  in  the 
sagebrush,  suggesting  that  many  of  these  are  to  be  regarded  as  relicts  also. 
It  is  planned  to  carry  these  investigations  into  the  other  climaxes  of  the  region, 
viz,  montane  and  subalpine  forest  and  alpine  meadow.  Similar  studies  are 
being  conducted  at  Norman,  Oklahoma,  in  the  true  prairie  and  in  the  post- 
climax  of  Quercus  marilandica. 

Grazing  Research  in  Arizona1 

The  present  cooperative  project  in  grazing  was  originated  on  the  Santa 
Rita  Reserve  near  Tucson  in  1918  and  extended  to  several  areas  in  northern 
Arizona  a  year  later.  Since  then  additional  exclosures  on  the  Roosevelt 
watershed  in  eastern  Arizona  have  been  incorporated,  and  certain  experi- 
mental areas  in  the  yellow-pine  forest  have  been  correlated  with  the  general 
project.  While  the  special  objective  was  to  determine  the  role  of  rodents  in 
modifying  vegetation  and  depleting  the  range,  it  was  recognized  at  the  outset 
that  all  the  factors  and  processes  involved  must  be  taken  into  account. 
In  consequence,  methods  were  devised  not  only  to  distinguish  the  effects  of 
rodents  from  that  of  cattle,  but  also  to  trace  the  course  of  succession,  especi- 
ally under  overgrazing,  the  influence  of  the  climatic  cycle  in  terms  of  growth 
and  regeneration,  reaction  upon  the  habitat,  reinvasion  after  poisoning,  etc. 
As  a  result,  this  project  has  represented  the  first  endeavor  to  organize  research 
upon  a  definite  bio-ecological  basis  and  no  small  part  of  the  advance  in  the 
latter  has  come  from  it. 

The  chief  methods  employed  have  been  the  exclosure,  the  quadrat  and  the 
transect.  Exclosures  have  regularly  consisted  of  two  sections,  one  fenced 
to  exclude  cattle,  the  other  to  keep  out  rodents  as  well,  thus  yielding  three 
sets  of  effects  for  analysis.  Quadrats  and  transects  have  been  employed  for 
tracing  such  modifications  in  detail,  and  have  furnished  an  invaluable  mass  of 
detailed  information.  In  a  further  attempt  to  overlook  no  facts  and  to 
render  all  data  as  accurate  and  objective  as  possible,  traverse  maps  of  exclos- 
ures, quadrat  sequences  and  isolation  transects  have  been  added  as  primary 
methods  of  research.  New  methods  have  also  been  devised  for  the  measure- 
ment of  reaction,  especially  in  relation  to  erosion,  and  in  connection  with  the 
coactions  between  organisms.  The  use  of  the  overhead  camera  for  photo- 
graphing quadrats  has  been  simplified  to  the  point  where  it  adds  only  a 
special  wide-angle  lens  and  tilting-top  to  the  regular  equipment,  and  promises 
to  conserve  much  of  the  time  now  devoted  to  charting  by  hand  and  panto- 
graph. The  technique  of  life-history  studies  of  grasses  and  other  dominants 
has  been  amplified  and  refined,  with  particular  reference  to  water  and  light 
functions,  as  well  as  to  growth  and  propagation. 

1  Carnegie  Institution,  F.  E.  Clements;  U.  S.  Forest  Service,  G.  A.  Pearson,  C.  K.  Cooperrider, 
M.  J.  Culley,  R.  F.  Copple;  U.  S.  Biological  Survey,  W.  P.  Taylor;  University  of  Arizona,  C.  T. 
Vorhies,  W.  G.  MacGinnies. 
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Exclostjre  Stations 

Santa  Rita  Range  Reserve,  Tucson — The  deficient  summer  rainfall  has  led 
to  slight  growth  outside  the  exclosures  where  the  grazing  by  cattle  and  rodents 
has  been  intense.  The  kangaroo-rat  (Dipodomys  spectabilis)  has  reinvaded 
the  Reserve  since  the  poisoning  campaign  of  1921  and  appears  to  be  nearly 
or  quite  as  abundant  as  ever,  while  the  antelope  jack-rabbit  occurs  throughout 
in  large  numbers.  A  notable  increase  is  shown  in  many  places  by  Isocoma 
cor  on  opi folia,  which  is  unpalatable  as  well  as  poisonous  and  hence  an  indicator 
of  overgrazing.  In  the  absence  of  overgrazing,  the  grasses  are  able  to  hold 
their  ground  against  this  species.  On  the  other  hand,  certain  annuals  have 
persisted  much  longer  than  expected  under  total  protection  in  spite  of  the 
competition  of  grasses,  because  they  are  no  longer  eaten  and  hence  produce 
an  abundant  seed-crop. 

Seligmann  Exclosure — Here  also  the  grasses  have  not  increased  their  area 
under  total  protection  as  rapidly  as  anticipated,  and  the  explanation  is  prob- 
ably to  be  sought  in  the  temporary  advantage  given  the  annuals.  Single 
quadrats  have  proved  inadequate  to  trace  the  slow  modification  and  a 
detailed  transect  map  has  been  made  of  the  ecotone  between  grass  and  weed 
communities.  A  special  rabbit  exclosure  has  been  constructed  within  the 
rodent-grazed  plot  to  permit  measurements  of  this  coaction.  The  discovery 
of  appreciable  amounts  of  insects  remains  in  the  stomachs  of  prairie-dogs  has 
made  it  desirable  to  examine  the  stomach-contents  each  month  while  these 
animals  are  active,  in  order  to  obtain  more  exact  information  as  to  their 
food-habits. 

Williams  Exclosure — The  most  significant  change  has  been  the  gradual 
reduction  of  weeds  under  total  protection,  amounting  this  season  to  a  striking 
decline  in  the  amount  of  two  typical  indicators  of  overgrazing,  viz,  Gutier- 
rezia  sarothrx  and  Hymenoxys  floribunda.  This  is  the  evident  outcome  of  the 
annuation  effect  in  augmented  growth  of  the  competing  grasses.  The  effect 
upon  Gutierrezia  is  decisive;  in  an  area  of  200  square  feet  on  the  outside  and 
within  the  rodent-grazed  section  the  number  of  plants  in  each  approximated 
200,  while  this  was  reduced  to  2  individuals  for  a  similar  area  under  total 
protection.  On  the  contrary,  the  more  vigorous  and  deeply  rooted  Chryso- 
thamnus  exhibits  no  clear-cut  difference  under  the  three  conditions,  though  a 
similar  decrease  is  to  be  expected  as  the  competition  of  the  grasses  becomes 
more  intense. 

Grand  Canyon  Exclosure — Extensive  eradication  of  prairie-dogs  in  this 
region  in  1924  apparently  reduced  the  number  so  that  they  are  no  longer  an 
important  factor,  though  rabbits  appear  to  be  increasing.  The  increase  of 
weeds  in  the  total-protection  plot  from  2  per  cent  in  1926  to  27  per  cent  in 
1927  appears  to  afford  the  explanation  of  the  unexpected  abundance  of  weeds 
in  the  majority  of  such  plots  during  the  present  season.  The  assumption  is 
that  this  is  a  result  of  annuation,  the  seasonal  complex  favoring  weeds  instead 
of  grasses  as  borne  out  by  the  behavior  of  Hymenoxys.  Although  this  is 
abundant  over  the  overgrazed  range,  none  was  found  under  total  protection, 
and  only  a  few  plants  survived  rodent-grazing,  competition  and  coaction 
being  focused  on  this  species. 

Rodents  and  Erosion  on  the  Roosevelt  Watershed1 

The  part  played  by  rodents  as  well  as  cattle  in  the  critical  over-grazing  and 
erosion  of  the  watershed  of  the  Roosevelt  Reservoir  in  Arizona  is  being  studied 
in  detail  by  means  of  a  series  of  fenced  enclosures  installed  at  the  following 
places.     Exclosures  1  and  2  are  on  the  mesa  south  of  the  Reservoir;  3  is  in  the 

1  U.  S.  Forest  Service,  C.  K.  Cooperrider,  R.  F.  Copple;  U.  S.  Biological  Survey,  W.  P.  Taylor. 
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Sierra  Ancha  Mountains  to  the  north,  4  on  the  divide  between  Pinto  and 
Pinal  Creek,  5  on  the  mesa  north  of  the  Reservoir  and  6  in  woodland  near 
Payson.  In  some  areas  the  removal  of  the  grass  cover  is  complete  and  in 
others  so  far  advanced  that  regeneration  will  be  difficult  or  even  problematical. 
Under  such  conditions  the  erosion  is  excessive  on  hard  soils  and  the  amount 
of  sediment  carried  into  the  Reservoir  constitutes  a  distinct  menace  to  the 
continued  prosperity  of  the  great  agricultural  region  tributary  to  it.  The 
rodent  population  is  still  large  and  varied,  consisting  of  Neotoma,  Perognathus, 
Dipodomys,  Ammospermophilus,  Sylvilagus  and  Lepus  as  the  most  important- 
genera.  The  sum  of  the  rodent  coactions  is  being  measured  by  means  of  the 
usual  type  of  exclosures  and  it  is  hoped  to  analyze  this  into  the  effects  pro- 
duced by  each  species.  In  this  connection,  especial  attention  is  being  given 
to  the  influence  of  various  animals  on  the  reproduction  of  the  important 
shrubs  that  serve  as  browse  and  cover. 

Grazing  and  Forest  Reproduction,  by  G.  A.  Pearson1 

Natural  regeneration  presents  a  serious  problem  in  the  yellow  pine  (Pinus 
ponderosa)  forests  of  Arizona  and  New  Mexico.  The  major  difficulties  are  to 
be  found  in  the  adverse  climatic  conditions,  chiefly  the  recurrent  droughts  of 
May-June  and  of  autumn.  Seedlings  that  spring  up  during  the  rainy  season 
of  July  and  August  fall  easy  victims  to  drought  in  autumn  and  frost-heaving 
in  winter,  while  the  survivors  meet  a  second  test  in  the  hot  rainless  period  of 
May  and  June.  In  spite  of  all  this,  some  seedlings  do  become  established  and 
in  the  course  of  15  to  20  years  the  survivors  suffice  to  restock  most  areas  where 
seed-trees  are  present.  Occasionally,  the  conjunction  of  a  heavy  seed-crop 
with  abundant  rainfall  produces  complete  restocking  in  a  single  year. 

The  young  stand  thus  secured  still  has  to  meet  a  formidable  danger  in  a 
region  where  overgrazing  is  the  rule.  The  reduction  of  the  native  forage 
results  in  the  browsing  of  pine  seedlings  by  sheep  and  cattle  and  often  to  their 
complete  obliteration  over  extensive  areas.  This  is  much  more  a  consequence 
of  overgrazing  than  of  the  mere  presence  of  stock,  and  hence  is  to  be  controlled 
by  regulation  rather  than  complete  exclusion.  The  establishment  of  exclos- 
ures has  afforded  a  striking  demonstration  of  the  damage  to  reproduction  by 
grazing  animals,  and  rodent-proof  units  are  now  being  installed  to  evaluate 
this  group  of  coactions.  In  this  connection,  a  double  quadrat  sequence  has 
been  established  to  permit  the  objective  measurement  of  the  normal  processes 
in  grassland,  viz,  grazing,  burning,  denuding,  seeding,  competition  between 
grasses  and  forbs,  etc.,  under  rodent-proof  as  well  as  cattle-proof  conditions. 

Grazing  Research  in  Colorado,  by  Herbert  C.  Hanson,  Walter  S.  Ball 

and  Anna  M.  Lute 

Both  intensive  and  extensive  studies  of  grazing  are  being  conducted  in 
northern  Colorado  by  the  Botanical  Section  of  the  Colorado  Experiment 
Station.  These  are  based  upon  the  use  of  exclosures,  isolation  transects, 
quadrats,  competition  cultures,  instruments,  etc.  In  addition  to  the  general 
ecological  survey  of  grazing  resources  in  the  state,  the  following  projects  are 
of  major  importance: 

1.  Competition  studies  in  irrigated  pastures — The  establishment  of  species, 
the  course  of  competition  and  the  final  survival  are  being  followed  by  means 
of  the  quadrat  method  in  more  than  30  different  pasture  mixtures  under 
various  conditions  of  soil  and  grazing.  This  may  be  exemplified  by  the  cul- 
ture of  Dactylis  glomerata,  Bromus  inermis,  Festuca  elatior  and  Melilotus 

1  Of  the  U.  S.  Forest  Service. 
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officinalis,  sown  at  the  rate  of  44  pounds  per  acre.  The  ratio  of  seeds  was 
respectively  8.5  :  2.3  :  2.2  : 1,  while  that  of  the  individuals  in  the  stand  several 
months  afterward  was  6. 5:1. 6:4:1.  After  two  seasons  of  grazing  by  sheep 
this  had  become  13  :  1  :  4  :  2,  the  greater  vigor  and  spread  of  Dactylis  having 
enabled  it  nearly  to  double  its  control. 

2.  Improving  production  on  foothill  ranges  in  mixed  prairie — The  dominants 
are  Agropyrum  smithi,  Stipa  comata,  S.  viridula,  Kceleria  cristata,  Bouteloua 
gracilis  and  Bulbilis  dactyloides,  which  are  reduced  to  little  more  than  scanty 
Agropyrum  and  the  last  two  under  overgrazing.  Deferred  and  rotation  graz- 
ing have  resulted  in  a  denser  stand  of  tall-grasses,  fewer  weeds  and  less  Bul- 
bilis.  The  measurement  of  annuation  effects  by  enclosing  and  exclosing  one 
unit  each  year  has  yielded  especially  significant  and  graphic  results. 

3.  Subclimax  nature  of  the  sagebrush  community  of  northwestern  Colorado — 
This  indicates  that  the  climax  of  mixed  prairie  can  be  reestablished,  with  a 
marked  increase  in  the  carrying  capacity  of  the  range.  Experimental  plots 
have  been  established  in  the  upper  Laramie  Valley  to  determine  the  effects 
upon  the  grass  relicts  of  removing  the  sagebrush  by  burning  and  by  uprooting, 
both  in  tall  lowland  and  dwarf  upland  stands.  In  addition,  strips  in  both 
types  of  clearing  are  to  be  seeded  in  spring  and  fall  to  such  xeroid  grasses  as 
the  native  Agropyrum  tenerum  and  the  introduced  A.  cristatum  and  Bromus 
inermis. 

PALEO-ECOLOGY 

Correlation  of  Ecology  and  Paleo-ecology,  by  F.  E.  Clements  and  R.  W.  Chaney 

Material  progress  has  been  made  during  the  year  upon  the  organization  of 
a  working  outline  for  research  in  paleo-ecology.  The  chief  attention  has  been 
paid  to  paleo-climatology  in  relation  to  sunspot  and  rainfall  cycles  at  the 
present  time.  All  the  studies  of  the  sunspot  cycle  in  relation  to  climatic 
factors  have  been  analyzed  and  a  complete  digest  made  of  our  existing 
knowledge  in  this  field.  In  spite  of  a  skepticism  sometimes  justifiable,  the 
aggregate  evidence  for  such  a  correlation  is  impressive  and  warrants  more 
intensive  research. 

The  investigation  of  rainfall  cycles  in  the  western  United  States  has  been 
actively  resumed,  in  connection  with  sunspot  numbers  on  the  one  hand  and 
the  evidences  of  climatic  cycles  on  the  other.  An  increasing  number  of  relict 
areas  have  been  taken  under  observation,  especially  in  the  ecotone  between 
deciduous  forest  and  prairie,  in  the  hope  of  throwing  more  light  on  the  relative 
dating  of  the  major  changes  of  climate  and  vegetation  during  the  recent  past. 
This  has  acquired  further  interest  and  value  from  the  discovery  of  fossils  at 
Carpinteria,  California,  which  serve  to  indicate  the  general  rate  of  shrinkage 
of  the  original  coastal  forest.1 

Further  study  of  the  Bridge  Creek  fossil  flora  shows  that  in  the  John  Day 
Basin  four  species,  Alnus  carpinoides,  Sequoia  langsdorfi,  Quercus  consimilis 
and  Umbellularia  oregonensis,  constitute  86.69  per  cent  of  the  flora  at  the  type 
locality,  while  in  the  Crooked  River  Basin  40  miles  south  they  comprise  but 
40.82  per  cent  and  two  other  species  not  recorded  in  the  John  Day  Basin, 
Quercus  clarnensis  and  Ulmus  brownelli,  make  up  49.77  per  cent.  Turning 
to  the  most  closely  related  living  species  for  an  interpretation,  Q.  chrysolepis 
is  common  on  the  borders  of  the  redwood  forest  of  coastal  California  and  U. 
parvifolia  occurs  on  the  margin  of  less  mesophytic  forest  in  eastern  Asia. 
Since  a  purely  climatic  factor  can  hardly  explain  such  a  difference  between 
two  essentially  contemporaneous  floras  of  adjacent  basins,  the  reason  may  be 

1 R.  W.  Chaney  and  H.  L.  Mason,  Pleistocene  fauna  and  flora:  fossil  plants,  Science,  66, 156  (1927) . 
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sought  in  topographic  divergence.  This  may  well  be  a  matter  of  valley  size — 
the  valleys  of  the  Crooked  River  basin  having  been  larger  and  more  open. 
The  resulting  border  type  of  forest  included  not  only  the  two  abundant  species 
mentioned,  but  also  Arbutus  matthesi,  Pinus  knowltoni,  Pteris  silvicola,  Salix 
calif ornica,  Amelanchier  grayi  and  Ceanothus  blakei,  whose  modern  equivalents 
are  typical  members  of  the  redwood  border  forest. 

A  recent  striking  confirmation  of  the  importance  of  ecological  principles  in 
paleo-botany  has  been  supplied  by  Phillips  in  the  study  of  fossils  in  lignite 
deposits  of  the  Knysna  series.  Well-defined  stases  and  strates  of  Widdring- 
tonia  cupressoides  appear  in  these  interbedded  with  sand;  in  addition  a  few 
fairly  well-preserved  leaves  of  other  modern  species  have  been  identified,  viz, 
Podocarpus  elongata,  Gonioma  kamassi,  and  possibly  Curtisia  faginea.  The 
occurrence  of  these  species  is  further  of  value  in  indicating  the  existence  of 
macchia  and  of  mixed  forest  in  this  region  in  Tertiary  times,  since  Wid- 
dringtonia  cupressoides  is  usually  associated  with  this  community  at  present. 
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Chamberlin,  T.  C,  University  of  Chicago,  Chicago,  Illinois.  Study  of  funda- 
mental problems  of  geology.  (For  previous  reports  see  Year  Books  Nos. 
2-25.) 

In  the  last  Year  Book  a  score  of  peculiarities  of  the  Earth,  of  the  larger 
order,  were  listed  as  criteria  that  must  be  met  by  any  true  concept  of  the 
Earth's  origin  and  growth.  This  was  followed  by  abbreviated  statements  of 
the  concepts  reached  in  these  studies.  These  concepts  diverge  widely  from 
inherited  views  and,  if  valid,  foreshadow  radical  changes  in  several  phases  of 
earth-science.  The  more  radical  divergences  had  arisen  from  a  rigorous 
application  of  the  logic  of  the  planetesimal  hypothesis.  The  revolutionary 
consequences  foreshadowed  seemed  to  make  it  advisable,  if  not  obligatory, 
to  push  the  hypothesis  deeper  into  the  basal  problems  of  the  earth,  on  the  one 
hand,  and  farther  out  into  the  problems  of  kindred  solar  derivatives  on  the 
other,  before  building  too  elaborately  upon  it.  A  synopsis  of  the  more 
intimate  concepts  of  the  genetic  processes  now  reached,  together  with  many 
features  of  heredity  of  the  other  offspring  of  the  sun,  is  here  given  without  any 
attempt  to  discriminate  between  what  is  new,  what  is  merely  modified  old, 
and  what  is  simply  old  in  a  modified  setting. 

THE  ZONAL  SYSTEM 

(1)  The  widening  of  the  field  led  to  the  recognition  that  the  sphere  of  con- 
trol of  the  sun  embraces  four  great  zones  of  quite  different  dynamic  proper- 
ties, as  follows: 

An  inner  sphere,  forming  the  immediate  environment  of  the  sun,  in  which 
solar  repellancy  is  markedly  displayed  (subordinate  of  course  to  gravity 
except  in  selective  actions),  a  zone  hostile  to  loose  gas  and  fine  dust,  but 
tolerant  of  small  solid  accretions — the  zone  of  the  small  planets. 

Outside  this,  a  zone  of  sufficiently  lessened  solar  repellancy  to  permit  large 
gaseous  accumulations  by  suitable  collecting  centers — the  zone  of  the  great 
planets. 

A  zone  outside  this  in  which  solar  repellancy,  reduced  by  absorption  in 
transit,  is  met  and  matched  in  kind  by  counter-push  from  the  stellar  system 
outside. 

An  outermost  zone  in  which  this  counter-push  and  solar  gravity  unite  to 
bring  back  into  fuller  solar  control  such  sun-propelled  matter  as  has  reached 
that  far  (except  that  a  negligible  fraction  may  escape  control  entirely) — the 
ulterior  conservation  zone  of  the  solar  system. 

(2)  The  first  zone  is  the  assigned  place  of  origin  and  the  present  habitat  of 
the  small,  solid,  naked  or  slightly  clothed  planets:  Mercury,  Venus,  Earth, 
Mars  and  the  planetoids.  The  second  zone  is  the  sphere  of  special  gaseous 
growth  of  the  great  planets  of  low  density:  Jupiter,  Saturn,  Uranus  and 
Neptune.  The  third  and  fourth  zones  are  the  assigned  place  of  assemblage 
of  comets  and  the  recovery-sphere  of  the  solar  system. 

THE  PLANETARY  SYSTEM 

(3)  The  evolution  of  the  planetary  system  was  confined  to  the  two  inner 
zones  because  the  cooperating  star  to  which  their  origin  is  assigned  prevented 
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the  planetary  bolts  from  being  propelled  farther,  and  swung  them  into  orbits 
about  the  sun  in  which  they  have  circled  ever  since. 

(4)  The  passing  star,  in  swinging  about  the  sun,  distorted  it  in  tidal  fash- 
ion, giving  rise  to  cones  on  opposite  sides  of  the  sun,  separated  by  a  com- 
pression belt.  The  combination  of  pull  and  compression  favored  eruptions  of 
unusual  mass  and  force  at  the  points  of  the  cones. 

(5)  The  mechanics  of  the  case  imply  that  these  eruptions  came  from  unusual 
depths  and  brought  up  solar  substance  specially  affected  by  enhanced  propul- 
satory  agencies  in  the  form  of  radiation  pressure,  electric  and  magnetic  charges, 
electronic  and  protonic  emissions,  and  perhaps  other  sources  of  repellancy. 

(6)  The  planetary  bolts  shot  toward  the  star  were  drawn  outward  by  it 
until  they  had  passed  it  (in  its  rear),  after  which  the  star  united  forces  with 
the  sun  in  restraining  their  farther  outward  flight  and  in  swinging  them  into 
orbits. 

(7)  The  bolts  shot  out  from  the  sun  on  the  side  opposite  the  star  were 
pulled  backward  by  both  sun  and  star  from  the  start  and  soon  swung  into 
small  orbits  about  the  sun. 

(8)  Specifications  6  and  7  are  based  on  the  sub-hypothesis  that  the  visiting 
star  passed  inside  the  orbits  of  the  great  gaseous  planets  and  outside  the  orbits 
of  the  small  solid  planets,  and  was  less  massive  than  the  sun. 

(9)  In  rising  from  within  the  Sun,  the  material  that  entered  into  the  forma- 
tion of  the  planetary  bolts  was  forced  to  rotate  about  the  axis  of  its  projection 
in  accordance  with  established  laws  of  mechanics.  Thus  was  initiated  rota- 
tion about  a  systematic  set  of  axes  from  which  the  present  axes  are  departures. 

(10)  Also  in  pushing  up  from  within  the  sun,  the  planetary  bolts  suffered 
drag  effects  from  contact  with  the  surrounding  mass  of  the  sun  and  took  on 
evortical  motions  in  addition  to  the  rotatory  motions.  Each  ejection  was 
thus  not  only  a  rotatory  bolt,  but  was  affected  by  subsidiary  motions  which 
influenced  the  early  stages  of  its  evolution. 

(11)  The  succession  of  bolts  shot  forth  from  the  sun  were  drawn  forward 
in  different  degrees  according  to  the  varying  distances  of  the  passing  star,  so 
that,  taken  together,  they  formed  spirally  curved  trains.  As  there  were 
projections  from  the  cones  on  both  sides  of  the  sun,  there  were  two  trains 
forming  a  double  spiral,  both  arms  of  which  were  curved  in  the  same  direction. 

(12)  As  the  total  planetary  matter  was  only  a  fraction  of  one  per  cent  of 
the  mass  of  the  sun,  the  general  effect  was  rather  that  of  a  small  nebulous 
star  than  that  of  a  fully  developed  nebula.  Its  life  as  a  visible  spiral  was 
necessarily  brief  because  of  the  rapid  wrapping  up  of  the  arms  in  response  to 
the  strong  attraction  of  the  solar  mass. 

(13)  The  principle  of  spiralization  by  dynamic  encounter  has  freer  applica- 
tion to  assemblages  of  separate  bodies  (e.g.  star  clusters)  than  to  single  solar 
bodies  in  which  disruption  and  propulsion  are  prerequisites  to  the  spiralizing 
process.  Spiralized  star  clusters  of  course  belong  to  a  much  higher  order  of 
magnitude  than  the  spiralized  appendages  of  a  single  star. 

(14)  As  the  planetary  bolts  swept  out  into  free  space,  they  were  subjected 
not  only  to  inherent  expansion  but  to  the  centrifugal  components  of  the 
motions  inherited  from  the  sun.  These  acting  together  led  to  rapid  cooling 
of  the  bolts  throughout  their  masses,  carrying  the  temperatures  of  the  stony 
and  metallic  constituents  down  to  those  of  their  solid  states,  leading  to  the 
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formation  of  minute  accretions  in  the  midst  of  such  gases  as  still  remained 
uncondensed,  that  is,  the  formation  of  a  Brownian  mixture. 

(15)  In  the  cases  of  the  earth-bolt  and  the  bolts  of  the  smaller  planets, 
planetoids  and  satellites,  the  dispersing  forces  were  so  great,  relative  to  the 
self-attraction  of  the  bolt-material,  that  a  large  part  of  the  lighter  constitu- 
ents of  the  Brownian  mixture  sooner  or  later  came  to  have  too  great  speeds 
to  be  controlled  by  the  bolts,  and  so  escaped  into  orbits  of  their  own.  They 
thus  came  to  act  as  little  planets,  or  planetesimals.  Some  of  the  swiftest 
molecules  may  even  have  escaped  from  the  control  of  the  sun  and  have  been 
lost  to  the  system. 

(16)  Some  of  the  heavier  accretions,  however,  were  forced  to  take  slower 
and  slower  motions  by  reaction  from  the  escaping  constituents.  These 
remained  as  residual  constituents  under  mutual  control  and  formed  swarms 
of  accretions,  each  accretion  revolving  in  an  individual  orbit  about  the  com- 
mon center  of  gravity. 

(17)  By  slow  degrees  these  slowly  revolving  accretions  were  individually 
gathered  into  solid  cores  and  thus  the  growth  of  the  planets  began. 

(18)  The  condensation  of  the  solar  gases  into  Brownian  mixtures  and  the 
assortment  of  these  into  planetesimals  that  escaped  into  individual  orbits 
about  the  sun  and  into  heavy  accretions  revolving  very  slowly  about  their 
mutual  center  of  gravity,  constituted  the  true  cloud-forming  or  nebularizing 
process.  By  this  process  there  were  prepared  large,  highly  dispersed  sources 
of  food  for  planetary  growth  (which  could  be  drawn  upon  only  slowly)  and 
smaller  quantities  of  food  more  especially  suited  and  more  immediately  avail- 
able for  the  infantile  stages  of  planetary  growth. 

(19)  The  mechanics  of  the  case  imply  that  the  earth  grew  very  slowly. 
At  first  the  growth  came  most  largely  from  the  ingathering  of  the  heavy 
accretions  of  the  swarm;  in  the  later  stages,  the  growth  came  mainly  from  the 
infall  of  planetesimals. 

(20)  The  evortical  motions  caused  the  growth  of  the  core  to  be  more  rapid 
and  denser  on  the  stoss  end  of  the  axis  of  each  core  than  on  the  lee  end.  The 
greater  fraction  of  this  growth  came  from  the  tough,  malleable,  welding 
nickel-iron;  the  lesser  fraction  from  the  more  elastic  and  fragile  silicates. 

(21)  This  difference  in  the  growth  of  the  two  ends  of  the  core  is  inter- 
preted as  the  initiation  of  the  inequalities  which  later  grew  into  the  hemispher- 
ical differentiation  of  the  adult  earth  commonly  known  to  geographers  as  the 
Land  Hemisphere  and  the  Water  Hemisphere,  but  better  defined  geologically 
as  the  lighter,  protrusive  hemisphere  and  the  heavier,  basin  hemisphere. 

THE  AXIAL  SYSTEM 

(22)  The  logic  of  the  previous  postulates  leads  to  the  inference  that  the 
original  axes  of  rotation  of  the  planetary  bolts  coincided  with  the  lines  of  their 
projection,  which  in  turn  lay  in  the  planes  of  their  revolutions.  But  the 
axes  of  rotation  of  all  the  present  planets  are  inclined  to  these  planes  in  vary- 
ing degrees.  No  serious  attempt  at  the  explanation  of  these  inclinations 
seems  heretofore  to  have  been  made.  The  preceding  postulates  fix  the  original 
position  of  the  planetary  axes  and  define  the  series  of  changes  that  must  have 
followed.  This  amounts  to  defining  the  specific  problems  of  axial  inclination 
that  are  to  be  solved. 
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(23)  Specific  solutions  are  found  in  the  inevitable  effects  of  growth.  Every 
planetesimal  that  fell  upon  a  planet  added  its  mass  and  momentum  and 
changed  the  sum  total  of  the  mass  and  momentum  of  the  planet.  This 
necessarily  affected  its  rotation  in  all  except  the  rare  cases  when  other  infalls 
led  to  precise  neutralization.  Each  addition  was  almost  infinitely  small  and 
the  change  almost  infinitesimal,  but  it  was  inevitable  and  was  persistent  so 
long  as  growth  by  infall  continued.  The  movement  was  not  coarse  enough 
to  be  called  a  shift;  it  was  merely  an  exceedingly  slow  growth-creep. 

(24)  In  the  middle  of  the  planetary  system,  where  the  Earth,  Mars,  Jupiter 
and  Saturn  grew  up,  the  predominant  growth-creep  tended  to  move  the 
axes  of  rotation  toward  positions  at  right  angles  to  the  planets'  planes  of 
revolution.  Jupiter,  the  planet  of  greatest  growth,  only  fell  short  of  the  ideal 
attainment  by  3°.  All  the  others  crept  more  than  60°.  In  these  cases  the 
direction  of  rotation  was  forward  for  reasons  given  in  previous  reports. 

(25)  In  the  outer  planetary  field,  the  direction  of  growth-creep  of  the  axes 
was  also  toward  positions  normal  to  the  planes  of  revolution,  but  the  rota- 
tions were  retrograde,  implying  that  growth-creep  was  compatible  with 
retrograde  as  well  as  forward  rotation. 

(26)  At  the  innermost  end  of  the  planetary  series,  the  growth-creep  carried 
the  axes  of  rotation  to  positions  almost  exactly  at  right  angles  to  the  planes  of 
revolution  and,  in  addition,  the  periods  of  rotation  were  reduced  to  those  of 
revolution,  giving  rise  to  the  singular  one-rotation-one-revolution  type  which 
also  characterizes  all  the  large  satellites  so  far  as  their  rotations  are  known. 
This  suggests  that  the  two  innermost  planets  were  satellitized  by  the  sun. 

THE  SATELLITE  SYSTEM 

(27)  The  moon  is  assigned  an  origin  slightly  different  from  that  of  the 
remaining  25  satellites,  because  its  peculiarities  seem  to  imply  a  derivation 
from  a  secondary  bolt  following  the  earth-bolt  as  a  reaction  effect.  The 
moon's  career  is  therefore  interpreted  as  that  of  a  companion  planetoid 
rather  than  as  a  derivative  satellite. 

(28)  The  moon's  vulcanism  is  regarded  as  peculiar  only  in  so  far  as  the 
conditions  of  volcanic  action  are  peculiar  on  a  small  dry  atmosphereless  body, 
carrying  a  deep  overburden  of  loose  or  slightly  consolidated  porous  debris 
under  which  the  liquefying  and  ejective  horizons  are  far  from  the  surface. 
The  source  of  volcanic  eruptions  should  thus  be  deep-seated  and  the  blow- 
outs of  loose  debris  large.  The  great  pits  of  the  moon  are  regarded  as  a 
strictly  typical  genus  of  volcanic  craters  representing  their  own  class  of  con- 
ditions and  dynamically  very  instructive. 

(29)  The  cluster  of  basins  on  the  face  of  the  moon  always  turned  toward 
us,  "the  seas"  (maria)  almost  free  from  volcanoes,  are  interpreted  as  sunken 
areas  due  to  denser  growth  of  this  end  of  the  moon,  corresponding  to  the 
growth  of  the  basin  hemisphere  of  the  earth.  This  heavier  end  is  regarded  as 
the  feature  that  keeps  this  one  face  always  toward  the  earth,  the  resisting 
factor  that  cooperates  with  it  being  the  joint  influence  of  the  ultra-atmosphere, 
the  secondary  planetesimals,  the  chondrulites,  the  meteorites,  and  the  other 
scattered  material  through  which  the  moon  revolves. 

(30)  All  the  other  satellites  are  interpreted  as  growths  from  small  convolu- 
tions which  were  separated  from  the  main  planetary  bolts  by  the  drag  attend- 
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ing  the  emergence  of  these  bolts  from  the  sun.  The  direct  derivation  of  the 
satellites  from  the  planets  by  centrifugal  action  is  counter-indicated  by  the 
incompetent  rotations  of  the  planets  and  by  the  restraining  effects  of  the 
growth-process. 

(The  large  families  of  satellites  are  assembled  in  disks  well  adjusted  to  the 
equatorial  planes  of  their  primaries.  The  exclusion  of  the  "throw-off" 
theory  leaves  this  an  outstanding  problem.  The  drag-effect  of  itself  would 
not  give  either  the  disk-like  arrangement  or  the  adjustment  to  the  planet's 
equatorial  plane.) 

(31)  The  assembling  of  the  several  satellite  families  into  the  equatorial 
planes  of  their  respective  primaries  was  the  work  of  a  specific  disk-forming 
process  that  went  hand  in  hand  with  the  growth-creep  which  affected  planets 
and  satellites  alike.  Unfortunately  the  process  is  too  complicated  to  be  stated 
with  sufficient  brevity  and  clarity  for  this  place,  but  a  fairly  adequate  state- 
ment illustrated  by  diagrams  will  probably  be  in  print  as  soon  as  this  is. 

(32)  The  retrograde  revolution  of  the  two  outermost  satellites  of  Jupiter 
and  the  outermost  satellite  of  Saturn,  while  the  rest  of  the  large  satellite  fami- 
lies of  these  planets  rotate  in  a  forward  direction  in  harmony  with  their 
primaries,  is  found  to  be  a  minor  but  perfectly  logical  phase  of  the  disk- 
forming  and  growth-creep  processes.  It  arose  from  that  portion  of  the 
planetesimals  which  encountered  the  satellite-forming  bodies  in  the  back- 
ward or  retrograde  sweep  of  their  orbits.  A  full  statement  of  this  is  also 
impracticable  here,  but  a  more  adequate  statement  will  also  soon  appear  in 
print. 

(The  explanations  dependent  on  growth-creep  and  the  disk-forming  process 
are  peculiar  to  the  planetesimal  hypothesis.  They  are  evidence  of  its  specific 
fitness  to  elucidate  the  peculiarities  of  the  solar  derivatives.) 

(33)  As  already  implied  in  the  statement  relative  to  the  face  of  the  moon, 
the  fact  that,  so  far  as  observed,  the  satellites  of  Jupiter  and  Saturn  turn  one 
face  only  toward  their  primaries  is  assigned  to  heavier  growth  on  one  end  than 
the  other,  together  with  the  constant  swing  of  the  satellites  through  scattered 
matter  acting  as  a  resisting  medium. 

(34)  The  Uranian  family  of  satellites  is  notably  more  symmetrical  than  that 
of  any  other  planet.  This  is  connected  with  the  still  more  notable  fact  that  the 
axis  of  the  planet  has  crept  only  8°  from  the  original  position  assigned  it.  The 
two  facts  imply  that  this  family  has  had  a  specially  simple  history  and  is  the 
most  nearly  typical  of  primitive  conditions.  This  is  assignable  to  its  inter- 
mediate position  between  the  overlapping  planetesimal  belts  of  the  middle 
forward-rotating  section  of  the  system  and  the  less  complex  peripheral  plan- 
etesimal belts  of  the  outer  retrograde-rotating  section. 

THE  COMETARY  SYSTEM 

(35)  The  fundamental  unit  of  the  planetary  system  was  the  planetesimal; 
the  fundamental  unit  of  the  cometary  system  is  the  chondrulite.  (Chondru- 
lite  is  a  generic  term  embracing  chondrules,  Greek  for  little  grains,  chrondrule 
fragments,  and  their  metallic  equivalents.)  Chrondrulites  are  little  accre- 
tions that  make  up  90  per  cent  of  the  stony  meteorites.  By  agglomeration, 
chondrulites  form  meteorites;  by  assemblage  into  orbital  swarms  they  are 
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held  to  form  comets'  heads;  by  individual  action  they  give  rise  to  "shooting 
stars." 

(36)  The  assigned  origin  of  the  chondrulites  is  closely  analogous  to  that  of 
the  planetesimals  except  for  the  cooperation  of  the  passing  star.  At  not 
infrequent  intervals  strong  eruptions  and  propulsions  send  solar  substance  to 
great  heights  where  it  disappears,  still  ascending  (Pettit).  Some  of  the  comets 
sweep  around  the  sun  tens  of  thousands  of  miles  nearer  it  than  the  points 
at  which  such  erupted  and  propelled  matter  disappears.  The  evoking  of 
comets'  tails  thus  near  the  sun  implies  propulsion  thence  outward  as  far  as 
comets'  tails  can  be  followed.  These  two  well-established  phenomena  cover 
the  whole  inner  zone  and  attest  the  persistent  prevalence  of  repellancy  per- 
vading it.  Now  the  mixed  solar  matter  occasionally  erupted  with  great  vigor 
into  this  zone  of  repellancy  is  inevitably  expanded  and  cooled,  carrying  its 
stony  and  metallic  constituents  down  to  their  temperatures  of  solidification, 
leading  to  the  formation  of  accretions  interpreted  as  chondrulites.  The  size 
and  structure  of  the  chondrules,  as  well  as  their  much  broken  condition  as 
found  in  meteorites,  imply  their  formation  in  free  space  while  in  motion  and 
thus  subject  to  sharp  collisions. 

(37)  Ordinarily  there  was  no  star  passing  through  the  inner  zones  of  the 
solar  domain  to  switch  these  little  accretions  into  orbits  about  the  sun,  as 
happened  in  the  case  of  the  planetesimals,  and  so  they  were  pushed  outward 
into  the  outer  zones.  There  was  some  agglomeration  into  meteorites,  but  the 
evidence  implies  that  this  was  an  incidental  rather  than  an  essential  matter 
and  did  not  reach  dominance. 

(38)  In  the  outer  zones  of  the  sun's  sphere  of  control,  particularly  that  in 
which  the  counter-push  of  radiation  effects  from  the  stars  joined  forces  with 
solar  gravity  to  turn  the  chondrulites  back  toward  the  sun,  some  of  the 
chondrulites  were  assembled  into  orbital  swarms  and  thus  formed  comet 
heads. 

(39)  The  orbital  nature  of  these  swarms  is  implied  by  the  shrinking  and 
re-expansion  of  comets'  heads  as  they  approach  and  recede  from  the  sun,  an 
inevitable  phenomenon  in  orbital  swarms  in  approaching  and  receding  from  a 
strong  attraction. 

(40)  That  the  comets'  heads  are  formed  chiefly  of  chondrulites,  and  not  of 
meteorites,  is  implied  by  the  fact  that  when  the  earth  passes  through  the 
train  of  a  disintegrated  comet  and  gives  rise  to  a  "meteor  shower,"  the  streaks 
are  short,  indicating  small  masses,  quickly  evaporated  in  "shooting  star" 
fashion.  A  century  of  watching  these  meteor  showers  has  not  as  yet  caught  a 
single  meteor  large  enough  to  maintain  a  streak  through  the  atmosphere  and 
present  itself  as  a  meteorite  at  the  earth's  surface.  This,  of  course,  is  not 
proof  of  the  absence  of  meteorites  from  comets'  heads,  but  only  of  their  rela- 
tive rarity. 

(41)  In  spite  of  this  poor  record,  the  presumption  is  that  agglomerates  of 
chondrulites  (meteorites)  do  take  some  part  in  the  make-up  of  comets,  but 
the  evidence  implies  that  it  is  small  and  incidental.  Neither  in  comets'  heads 
nor  as  sporadic  bodies  do  meteorites  give  substantial  evidence  of  importance 
as  either  cometary  or  planetary  builders. 

(42)  The  tails  of  comets  tell  a  tale  of  the  potency  of  repellancy  in  the  inner 
zone  of  the  sun's  domain  that  is  peculiarly  decisive.    They  leave  no  warrant 
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for  postulating  that  gases,  trituration  dust,  or  loose  feebly  held  matter  of 
the  finer  sort  of  any  kind  have  any  such  abiding  place  inside  the  orbit  of 
Jupiter  as  to  give  them  genetic  competency.  If  they  stay  at  all,  they  must  be 
held  by  some  special  competent  force,  such  as  the  attraction  of  a  fair-sized 
planet. 

(43)  On  the  other  hand,  the  phenomena  of  "shooting  stars"  (interpreted  as 
plunging  chondrulites)  seem  to  imply  that  accretions  of  silicates  of  the  average 
size  of  millet  seed  freely  traverse  this  zone,  but  probably  only  under  the  driving 
force  of  high  velocity. 

(44)  The  assigned  organization  of  comets'  heads  in  the  outermost  zones  of 
the  solar  sphere  of  control  gives  them  the  potential  energy  necessary  to  actuate 
the  high  speeds  they  attain  at  their  perihelia,  as  it  does  also  the  high  speeds 
of  the  chondrulites  and  their  agglomerates,  the  meteorites. 

(45)  But  the  comets  do  not  plunge  directly  into  the  sun.  There  is  a  small 
transverse  component  of  inertia  that  causes  them  to  pass  by  on  one  side  and 
swing  about  the  sun  into  narrow  elliptical  orbits  and  go  back  to  the  outer 
zone.  This  transverse  inertia  is  assigned  to  a  component  of  side  pull  in  the 
sum  total  of  attraction  of  the  neighboring  stars  or  star  clusters,  or  the  stellar 
galaxy.  This  was  peculiarly  effective  while  the  chondrulites  were  slowing 
down  toward  and  starting  up  again  from  their  poised  states  between  their 
outward  flights  and  their  backward  nights.  The  zone  in  which  this  took  place 
was  one  of  approximate  balance  between  the  outward  and  inward  influences 
(Year  Book  No.  19,  1920,  380),  and  it  took  the  chondrulites  (and  their  as- 
semblages in  the  form  of  comet  heads)  a  long  time  to  pass  through  it,  which 
gave  the  outside  influence,  though  feeble,  time  to  make  itself  felt.  The 
assigned  source  of  the  transverse  component  of  comets'  orbits  seems  not  only 
quite  adequate  but  specifically  suited  to  give  the  deviations  in  various 
azimuths  which  the  come  tic  orbits  present. 

(46)  The  comet-forming  process  may  thus  be  both  older  and  younger  than 
the  planet-forming  process.  It  may  be  essentially  a  continuous  process — 
construction  and  disintegration  running  side  by  side.  It  may  be  the  normal 
system  of  forming  secondary  systems  by  stars  of  the  eruptive  class.  It  seems 
to  be  a  system  of  conservation  and  may  be  worthy  of  consideration  in  general 
cosmology. 

(47)  The  one  great  contribution  which  the  cometary  system  makes  to 
planetary  genesis  and  to  geology  lies  in  its  oft  recurrent  exhibit  of  the  phe- 
nomena of  orbital  swarms.  The  cometary  swarms  were  feebler  than  the  resi- 
dual swarms  which  arose  from  the  nebularization  of  the  smallest  planetary 
bolts  but  that  only  makes  their  exhibit  the  more  instructive.  While  the  logic 
that  led  to  the  deduction  that  the  residual  swarms  were  orbital  seems  clear 
and  sound,  it  is  of  no  small  value  to  find  that  hundreds  of  weaker  assemblages 
maintain  this  type  of  structure  even  under  unfavorable  conditions.  It  seems 
clear  that  it  is  a  type  structure  of  great  genetic  importance. 

THE  CORE  SYSTEM 

(48)  While  the  residual  planetary  swarms  and  the  cometary  swarms  were 
alike  in  being  orbital,  the  planetary  swarms  formed  cores  and  grew  into 
relative  permanency,  but  the  cometary  swarms  are  never  known  to  form  solid 
permanent  cores,  their  nuclei,  when  there  are  any,  seeming  to  be  mere  tem- 
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porary  concentrations  of  the  swarm  structure.     In  the  problem  of  genesis 
this  is  a  very  critical  difference. 

(49)  The  ability  of  the  residual  planetary  swarms  to  form  cores  seems  to  be 
due  (a)  to  their  larger  masses,  (b)  to  the  common  feeding  stock  provided  by 
the  overlapping  of  the  planetesimal  belts,  and  (c)  to  the  general  concurrency 
of  the  whole  planetary  system  which  made  the  ingathering  of  material  easier 
and  freer  from  the  hazard  of  sharp  collisions. 

THE  SECONDARY  PLANETESIMAL  SYSTEM 

(50)  After  the  planets  were  formed,  they  became  active  sources  of  gravita- 
tive  power  themselves.  It  has  long  been  held  that  Jupiter  and  the  other 
large  planets  seriously  disturb  the  normal  orbits  of  comets  when  they  come 
near,  and  sometimes  change  them  into  quasi-planetary  orbits.  In  a  smaller 
way  the  earth  and  its  neighbors  quite  certainly  disturb  the  orbits  of  chon- 
drulites  and  subjugate  some  of  them  to  orbits  whose  aphelia  are  near  the  orbits 
of  the  disturbing  planet.  These  thus  become  a  species  of  secondary  planetesi- 
mals.  The  earth  is  no  doubt  more  effective  than  the  other  inner  planets  in 
developing  such  a  system  of  secondary  plane tesimals.  The  particles  that 
reflect  the  Zodiacal  Light  and  the  Gegenschein  may  in  part  be  merely  residual 
planetesimals  of  the  original  kinds,  but  this  secondary  system  of  planetesimals 
better  explains  some  peculiarities  of  the  phenomena  of  the  Zodiacal  Light  and 
the  Gegenschein. 

(51)  It  would  have  been  in  the  natural  order  of  things  if  the  planes  of  the 
orbits  of  Mercury  and  Venus  had  lain  in  or  near  the  mean  plane  of  the  planet- 
ary orbits,  but  as  a  matter  of  fact,  the  orbit  of  Mercury  is  inclined  7°  to  the 
ecliptic,  and  the  orbit  of  Venus  3°  24'  These  anomalies  suggest  that  they 
may  be  the  result  of  growth-creep  arising  from  the  systems  of  secondary 
planetesimals  generated  by  the  inner  planets.  This  suggestion  leads  on  to 
other  very  critical  questions,  for  if  the  suggested  cause  is  the  real  one,  growth- 
creep  is  in  progress  and  influences  all  the  motions  of  these  planets,  including 
their  precessions. 

All  the  subjects  thus  briefly  listed  have  been  more  fully  discussed  in  writing 
during  the  year  and  the  manuscript  is  in  the  printers'  hands. 


HISTORY 

Rogers,  Robert  W.,  Drew  Theological  Seminary,  Madison  Park,  New  Jersey. 
History  of  Ancient  Persia.  (For  previous  reports  see  Year  Books  Nos. 
23,  24.) 

Dr.  Rogers  reports  progress  in  preparation  of  his  History  of  Ancient  Persia. 
The  first  draft  of  this  work  was  completed  in  Oxford  during  the  summer  of 
1926  and  he  hopes  to  revise  the  whole  work,  verify  many  references,  and  bring 
the  volume  to  a  stage  for  publication  during  the  present  year. 


HISTORY  OF  SCIENCE 

Sarton,  George,  Cambridge,  Massachusetts.    Associate  in  the  history  of  science. 
(For  previous  reports  see  Year  Books  Nos.  18-25.) 

The  present  (ninth)  report  covers  the  period  extending  from  July  1,  1926, 
to  June  30,  1927,  which  was  spent  almost  entirely  in  Cambridge. 

1.  Introduction  to  the  History  of  Science — The  greatest  part  of  this  year  was 
devoted  to  the  final  editing  of  my  first  volume  and  to  the  reading  of  the 
proofs.  This  took  considerably  more  time  than  I  had  figured.  In  the  mean- 
while, I  have  naturally  accumulated  a  large  amount  of  supplementary  notes 
for  my  second  volume.  This  second  volume,  dealing  with  the  history  of 
science  from  the  twelfth  to  the  fifteenth  century  (inclusive)  will  thus  be  some- 
what delayed;  but  this  is  no  loss  of  time,  for  it  simply  means  that  this  volume 
will  be  far  more  elaborate  in  many  respects  than  if  it  had  appeared  a  year 
earlier.  I  hope  to  be  able  to  deliver  the  manuscript  of  this  volume  in  the 
winter  of  this  year  or  soon  after.  This  volume  will  contain  (as  did  the  first) 
an  enormous  amount  of  Arabic  material,  and  much  of  my  time  is  necessarily 
taken  up  by  the  study  of  that  language.  The  main  result  of  my  work  thus 
far  is  to  have  proved  with  considerable  detail  not  only  the  importance  but  the 
superiority  of  Muslim  culture  for  a  very  long  period,  extending  from  the  eighth 
century  to  the  end  of  the  twelfth. 

2.  The  Publication  of  I  sis — Three  numbers  of  I  sis  have  been  edited  (Nos. 
27  to  29),  forming  the  second  half  of  vol.  VIII  and  the  first  part  of  vol.  IX, 
a  total  of  666  pages,  11  plates.  They  contain  13  original  papers,  13  shorter 
communications,  25  reviews  and  2,398  bibliographic  notes.  In  the  prepara- 
tion of  volume  I  of  my  Introduction,  I  was  able  to  avail  myself  of  the  critical 
bibliographies  published  in  Isis  down  to  the  eighteenth  (vol.  VIII,  526-667, 
1927).  The  following  bibliographies,  of  which  two  have  already  appeared, 
contain  various  additions  and  corrections  to  this  volume,  duly  classified  in 
their  respective  sections.  Thus  a  scholar  especially  interested  in,  say,  the 
tenth  century  will  find  the  necessary  additions  and  corrections  in  the  sections 
of  each  Critical  Bibliography  devoted  to  the  tenth  century. 

3.  Lectures — I  delivered  43  lectures  at  Harvard  University,  on  the  history 
of  science  in  the  eighteenth  and  nineteenth  centuries. 
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MATHEMATICS 

Dickson,  L.  E.,  University  of  Chicago,  Chicago,  Illinois.     Investigations  of 
Waring' 's  theorem  on  sums  of  powers. 

The  following  researches  were  carried  out  under  this  Grant: 

(1)  Tables  of  sums  of  powers  used  in  verifying  many  new  extensions  of 
Waring's  theorem  on  sums  of  fourth  or  fifth  powers.  See  Bulletin  of  the 
American  Mathematical  Society,  vol.  33  (1927),  pp.  319-327.  Later  publica- 
tion of  the  elaborate  work  on  fifth  powers. 

(2)  Tables  to  40,000  required  to  verify  the  new  theorems  in  the  American 
Mathematical  Monthly,  vol.  34  (1927),  pp.  177-183.  For  example,  every 
integer  is  a  sum  of  two  cubes,  two  doubles  of  cubes,  and  the  triple  of  a  cube. 
The  same  tables  lead  to  an  independent  verification  of  von  Sterneck's  result 
that  numbers  from  9,000  to  40,000  are  sums  of  six  cubes,  and  the  improvement 
that  they  are  sums  of  four  cubes  and  the  double  of  a  cube.  These  results  are 
required  in  the  proof  that  all  integers  are  sums  of  nine  cubes. 

(3)  Various  tables  needed  in  the  study  of  the  representation  of  all  integers 
as  sums  of  values  of  a  quadratic  function  of  x  (or  as  such  a  sum  increased  by  a 
sum  of  a  fixed  number  of  values  0  or  1).  The  complete  solution  is  in  course 
of  publication  in  three  papers  in  the  Bulletin  of  the  American  Mathematical 
Society  and  an  elaborate  memoir  in  the  American  Journal  of  Mathematics. 

Lehmer,  D.  N.,    University  of  California,  Berkeley,  California.     Completion 
of  stencil  device  for  finding  factors  of  larger  numbers. 

Work  was  completed  on  the  computation  of  the  factor  stencils  last  May,  as 
far  as  it  seemed  desirable  to  carry  them  at  that  time.  Material  is  at  hand  to 
cut  the  master  stencils  for  all  numbers,  plus  and  minus,  up  to  the  limit  of  233. 
Since  the  stencil  for  a  composite  number  can  be  cut  from  the  stencils  for  its 
factors  it  would  be  easy  to  push  the  cutting  of  the  stencils  for  composite 
numbers  to  a  much  higher  limit. 

The  cutting  of  the  master  stencils  has  been  completed  up  to  the  limit  177 
plus  and  minus.  In  cutting  the  master  stencil,  which  is  of  heavy  stencil 
board,  a  certain  number  of  copies  was  made  so  that  the  stencils  are  ready  for 
publication  up  to  the  above-mentioned  limit  in  an  edition  of  something  like 
twenty  copies.  This  work  of  making  the  master  stencils  will  take  the  next 
three  months,  after  which  the  complete  edition  will  be  made  ready  for  dis- 
tribution. The  number  of  copies  needed  for  final  distribution  has  not  yet 
been  definitely  decided,  but  it  will  probably  be  not  more  than  one  hundred. 
This  work  will  take  another  year  or  so.  In  its  present  state  of  completion 
the  device  gives  the  most  effective  method  of  attacking  a  number  now  avail- 
able.    Its  service  to  workers  in  the  theory  of  numbers  should  be  very  great. 

My  son  has  been  investigating  the  factors  of  such  numbers  as  440,  334,  654, 
777,  631  which  is  a  factor  of  1027  —  1.  In  this  problem  it  was  necessary  to  find 
the  factors  of  the  above  number  less  one.  This  involved  the  factorization  of 
the  auxiliary  number  1,630,896,091,769  concerning  the  factors  of  which 
nothing  was  known.  Quoting  from  an  article  in  the  May  issue  of  the  Bulletin 
of  the  American  Mathematical  Society  it  is  stated  that — "An  attempt  to 
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factor  this  number  1,630,869,091,769  was  made  by  means  of  the  'factor 
stencils'  of  D.  N.  Lehmer  which,  though  still  incomplete,  are  fortunately 
available  to  the  present  author.  Although  this  number  of  unknown  form  is 
nearly  a  thousand  times  larger  than  the  intended  limit  of  the  stencils  it  was 
found  without  great  difficulty  that  1,630,869,091,769  =  31249X52189481." 
By  means  of  this  result  it  is  proved  that  the  original  number  440,334,654,- 
777,631  is  a  prime.  This  indicates  the  value  of  the  stencils  in  such  investi- 
gations. 


METEOROLOGY 

Bjerknes,  V.,  Oslo,  Norway.  Preparation  of  a  work  on  the  application  of  the 
methods  of  hydrodynamics  and  thermodynamics  to  practical  meteorology  and 
hydrography.     (For  previous  reports  see  Year  Book  Nos.  5-25.) 

1.  The  mathematical  paper  by  V.  Bjerknes  referred  to  in  the  previous 
report,  viz.  Die  atmosphdrischen  Storungsgleichungen,  Beitrage  zur  Physik 
Der  Freien  Atmosphare,  T.  XIII  1926;  Zeitschrift  fur  angewandte  Mathe- 
matik  und  Mechanic,  T.  7,  Berlin  1927,  has  now  appeared,  and  has  formed 
the  basis  of  the  further  mathematical  investigations  of  Mr.  H.  Solberg. 

Mr.  Solberg  has  succeeded  in  simplifying  these  equations  as  regards  the  form 
of  the  surface-conditions.  Further  he  has  made  them  much  more  applicable 
to  any  atmospheric  motion  whatsoever,  by  transforming  them  to  any  system 
of  curvelinear  coordinates.  It  is  very  remarkable  that  it  has  proved  favor- 
able for  this  to  go  back  from  the  Eulerian  to  the  Lagrangean  form  of  the  hydro- 
dynamic  equations. 

In  certain  special  cases  he  has  successfully  arrived  at  the  complete  formal 
solutions  representing  the  small  perturbations  of  a  given  motion.  The  com- 
plete discussion  of  the  results  will  require  much  work,  while  a  relatively 
simple  formula  concerning  one  of  the  most  fundamental  points  has  already 
been  practised  on  the  meteorological  maps.  When  the  difference  of  tempera- 
ture and  of  velocity  on  the  two  sides  of  a  surface  of  discontinuity  are  given, 
this  formula  allows  us  to  decide  if  a  small  disturbance  of  a  given  wave-length 
will  remain  small,  and  thus  meteorologically  innocent,  or  if  it  will  increase  in 
intensity  and  develop  into  a  cyclone.  A  scheme  of  numerical  tables  or  graphs 
will  be  worked  out  for  the  practical  application  of  this  formula  in  the  daily 
weather  service  in  order  to  get  its  value  tested  more  completely  in  the  cases 
where  the  required  observations  are  at  hand. 

2.  As  mentioned  in  the  previous  report  Mr.  Bergeron's  investigations  on 
the  atmospheric  front-formation  has  led  him  to  assume  a  division  of  the 
troposhere  into  large  zones;  such  in  which  fronts  are  chiefly  formed,  kinetic 
energy  being  transformed  into  potential;  and  such  in  which  fronts  are  chiefly 
annihilated,  the  process  going  the  opposite  way.  This  scheme  has  now  been 
developed  so  far  that  its  main  lines  can  be  given.  The  division  into  zones  of 
the  two  types  is  closely  related  to  the  general  analysis  of  air  motion  given  in 
volume  II,  Kinematics,  of  Dynamic  Meteorology  and  Hydrography.  The 
most  striking  "singularities"  seen  on  the  charts  of  atmospheric  motion  are 
"points  and  lines  of  convergence  and  of  divergence,"  with  the  corresponding 
regions  of  general  horizontal  inflow  or  outflow;  and  "neutral  points,"  with 
the  corresponding  regions  of  horizontal  inflow  along  two  axes,  and  outflow 
along  two  other  axes.  The  meteorological  importance  of  the  regions  of  the 
first  kind  has  been  clear  right  from  the  beginning,  while  those  of  the  second 
kind  have  been  considered  as  unimportant  and  uninteresting.  Mr.  Ber- 
geron's investigations  have  now  made  it  clear  that  these  neutral  regions  are  just 
the  regions  where  the  fronts  are  slowly  and  systematically  being  built  up,  or 
wandering  fronts  reinforced.  This  is  especially  the  case  when  the  one  inflow- 
current  is  nourished  from  polar  and  the  other  from  tropical  or  subtropical  air. 

These  considerations  have  led  him  to  an  exceedingly  simple  scheme  for  the 
general  circulation  of  the  northern  hemisphere.     Divide  this  hemisphere  into 
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zones  by  use  of  three  parallels,  near  0°,  near  40°,  and  near  70°,  and  two 
meridians  cutting  each  other  into  right  angles.  This  gives  a  division  into  12 
zones ;  which  are  supposed  to  be  alternately  Highs  with  anticyclonic  circula- 
tion, and  Lows  with  cyclonic  circulations.  This  gives  six  cyclonic  and  six 
anticyclonic  areas.  At  the  corners,  where  two  cyclonic  and  two  anticyclonic 
areas  meet,  we  have  the  neutral  areas,  namely  four  at  the  40°  and  four  near 
the  70°  parallel.  In  each  of  these  groups  of  four  areas,  two  have  their  inflow 
from  north  and  south,  and  are  therefore  favorable  for  front-formation.  This 
gives  two  areas  for  the  formation  of  arctic  cyclones,  and  two  for  those  of  the 
temperate  zone. 

We  may  now  slightly  change  this  system,  widening  the  zones  corresponding 
to  the  Eur-Asiatic  Continent  and  the  Pacific  Ocean,  and  narrowing  those  cor- 
responding to  the  American  Continent  and  the  Atlantic  Ocean,  making  the 
meridians  roughly  coincide  with  the  main  coast  lines  separating  oceans  from 
continents.  The  scheme  of  high  and  low  areas  will  then  be  seen  to  give  a  very 
remarkable  correspondence  with  the  actual  areas  semi-permanent  oceanic 
and  semi-permanent  continental  Highs  and  Lows,  especially  as  they  present 
themselves  during  the  winter.  Further  the  areas  of  front-formation,  i.  e.  for 
the  primary  origin  of  the  cyclonic  activity,  are  found  at  their  right  places: 
The  extrotropical  cyclones  crossing  the  Atlantic  get  their  main  zone  of  forma- 
tion or  re-inforcement  near  the  American  coast  (West-India-Bermuda). 
The  extrotropical  cyclones  crossing  the  Pacific  get  the  main  zone  of  formation 
or  re-inforcement  near  the  Asiatic  coast  (Formosa).  For  arctic  cyclones  we 
get  the  well-known  area  of  formation  or  re-inforcement  in  the  North  Eastern 
Atlantic,  while  the  second  one,  in  North  Western  Canada,  as  situated  over 
land  may  be  less  active. 

This  system  of  general  atmospheric  circulation  of  the  northern  hemisphere, 
devised  by  Mr.  Bergeron,  seems  to  merit  attention  as  a  very  remarkable  inter- 
mediate link  between  the  true  actual  conditions  and  the  different  "planetary" 
systems  of  atmospheric  circulation,  which  in  the  course  of  time  have  been 
devised.  The  great  defect  of  most  of  such  systems  of  planetary  circulation 
is  that  they  have  no  place  for  the  disturbances.  The  gap  was  filled  by  J. 
Bjerknes  and  H.  Solberg  in  their  paper  Life  Cycle  of  Cyclones,  etc.,  when 
they  arrived  at  a  planetary  system  of  circulation  in  which  cyclones  and  anti- 
cyclones entered  as  essential  links  (see  Year  Book  No.  21).  Now  Mr.  Ber- 
geron has  given  a  system  which,  while  almost  retaining  the  simplicity  of  a 
planetary  system,  still  gives  full  allowance  for  the  geographical  division  of 
the  northern  hemisphere  into  two  continental  and  two  oceanic  areas. 

3.  As  mentioned  in  the  previous  report  J.  Bjerknes  has  found  rather  a 
close  relationship  between  the  structure  of  fronts  and  their  state  of  motion. 
A  preliminary  paper  by  him  on  the  subject,  On  the  Behavior  of  Some  Polar 
Fronts  in  the  Year  1925,  has  been  published  as  a  Meteorological  Office 
circular  in  London.  The  official  publication  has  been  postponed,  awaiting 
more  accurate  empirical  data  from  different  sources. 

4.  A  paper  which  does  not  strictly  concern  atmospheric  motions,  but  which 
has  originated  from  the  same  chain  of  ideas,  is  by  V.  Bjerknes,  Solar  Hydro- 
dynamics (Contributions  from  the  Mount  Wilson  Observatory  No.  312 
Astrophysical  Journal,  vol.  lxiv,  1926). 

In  this  paper  an  attempt  is  made  to  connect  up  dynamically  the  different 
remarkable  results  of  the  Mount  Wilson  discoveries  concerning  sun  spots  and 
allied  solar  phenomena. 
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Osborne,  T.  B.,  and  L.  B.  Mendel,  New  Haven,  Connecticut.  Continuation 
and  extension  of  work  on  vegetable  proteins.  (For  previous  reports  see 
Year  Books  Nos.  3-25.) 

A  previous  report  has  presented  a  somewhat  detailed  discussion  of  the  prob- 
lems of  maximal  or  optimal  versus  "ordinary"  growth.  Our  interest  therein 
arose  from  observations  of  unexpectedly  rapid  rates  of  gain  in  weight  in  animals 
(rats)  under  conditions  that  seemed  to  exclude  selection  or  heredity  as  the  domi- 
nant factors  in  the  outcome.  It  was  found  that  the  "accelerated"  growth  could 
be  brought  about  by  a  variety  of  methods  of  feeding.  The  rapid  gains  are 
not  considered  to  represent  any  abnormality  of  growth,  such  as  the  disorders 
of  size  having  an  alleged  endocrine  origin;  on  the  contrary  they  presumably 
are  characteristic  of  the  normal  growth  of  the  species  in  question  when  all  the 
conditions  that  determine  the  possibilities  of  development  are  properly  ful- 
filled.    As  we  stated  in  a  recent  paper  dealing  with  our  investigations : 

In  seeking  an  explanation  of  the  more  rapid  growth  encountered  in  these 
newer  feeding  experiments  the  empirical  character  of  many  aspects  of  the 
investigation  at  this  stage  must  be  frankly  conceded.  The  successful  outcome 
can  scarcely  be  attributed  to  the  employment  of  unusual  proportions  of  the 
organic  or  energy-yielding  nutrients  in  the  diet ;  for  we  have  long  since  observed 
good  growth  on  widely  divergent  mixtures  of  the  foodstuffs,  in  so  far  as  the 
relative  content  of  proteins,  fats  and  carbohydrates  is  concerned.  It  is  not 
primarily  a  question  of  the  so-called  "nutritive  ratio."  With  respect  to  the 
latter,  rations  may  be  much  "distorted"  without  impairing  growth  seriously — 
so  long  as  the  other  dietary  essentials,  such  as  the  inorganic  elements  and 
vitamines,  are  properly  provided. 

In  view  of  the  excellent  response  to  small  additions  of  certain  "natural" 
foods  to  the  "synthetic"  food  mixtures  one  thinks  of  the  possibility  that  un- 
appreciated cell  constituents  added  thereby  may  supply  some  dietary  desid- 
erata. Green  leaves,  liver,  yeast,  etc.,  are  masses  of  cells  that  ought  to  con- 
tain the  essentials  of  growth.  They  may  be  presumed  therefore  to  enrich  a 
diet  with  both  known  and  unrecognized — not  necessarily  unknown — essentials, 
though  such  an  interpretation  remains  speculative  at  this  time  and  is  subject 
to  critical  investigation." 

The  possibilities  of  securing  accelerated  growth  in  rats — growth  at  a  rate 
even  three  times  as  rapid  as  is  usually  observed  in  this  species  under  the 
customary  conditions  of  laboratory  feeding — have  now  been  abundantly 
verified  with  a  large  number  of  these  animals.  The  nature  of  the  favorable 
response  to  suitable  diet  is  shown  most  strikingly  perhaps  by  figures  for  the 
average  gains  in  weight  per  day  during  a  period  of  active  growth.  Thus  the 
twenty  most  outstanding  records  for  the  rates  of  gain,  contrasted  with  com- 
parable figures  for  the  customary  "average  normal"  indicated  by  the  published 
standard  curves  of  growth,  range  as  follows: 


Male  rats 


Growth  period 


Range  of  average 
gain  per  day 


New  Experiments 

Average  "standard"  (Osborne  and  Mendel  1925) . 


gm. 
60  to  200 
60  to  300 

60  to  200 
60  to  300 


gm. 
5.4  to  6.1 
4.8  to  6.1 

2.1 
1.6 
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This  apparent  acceleration  of  gain  is  not  confined  to  the  males.  Similar 
experiences  have  now  been  secured  with  the  less  rapidly  growing  females,  as 
follows : 


Female  rats 


Growth  period 


Range  of  average 
gain  per  day 


New  Experiments . .  . 
Average  "standard". 


Om. 
60  to  200 
60  to  200 


gm. 

2.0  to  4.0 

1.09 


We  pointed  out  several  years  ago  that  the  rate  of  gain  during  recovery 
after  a  considerable  loss  of  weight  or  after  long  periods  of  stationary  weight 
(in  "stunted"  animals)  frequently  far  surpasses  the  growth  of  individuals  of 
the  same  species  growing  without  interruption  of  gain  at  the  same  body  size. 
Thus  a  rat  that  has  been  prevented  from  growing  for  some  time,  or  even  has 
lost  weight,  may  through  realimentation  actually  overtake  in  size  others  of 
the  same  litter  that  have  not  suffered  any  interruption  in  growth.  However, 
even  these  notably  rapid  gains  during  such  recovery  have  rarely  exceeded  the 
best  gains  attained  with  the  newer  dietary  measures.  In  a  few  instances  of 
renewal  of  growth  after  prolonged  interruption  thereof,  the  gains  averaged 
over  7  grams  per  day  during  brief  periods. 

Most  of  the  earlier  evidences  of  the  larger  capacity  to  grow  were  secured 
with  diets  in  which  the  protein  component  was  represented  by  casein.  It 
was  conceivable  that  success  with  the  latter,  as  commonly  isolated  from  milk, 
might  be  attributable  to  some  growth-promoting  constituent  inadvertently 
associated  with  this  milk  protein.  However,  experiments  undertaken  with 
the  same  food  mixtures  in  which  edestin  from  hempseed,  cottonseed  globulin 
and  lactalbumin,  respectively,  replaced  casein  have  also  yielded  evidences  of 
rapid  gains  through  the  use  of  such  supplements  as  lettuce,  liver  and  yeast. 
We  have  records  of  gains,  by  males,  as  follows: 


Food  protein 

Average  gain  in  body-weight  per  day 
from  60  to  200  grams 

Edestin 

gm. 
5.0 
4.0 
3.8 

2.1 

Cottonseed  globulin 

Lactalbumin 

Average  "standard"  (Osborne  and  Mendel,  1925) 

We  have  also  ascertained  that  marked  augmentation  of  the  rate  of  growth 
can  be  initiated  when  the  changes  in  diet  are  made  at  a  period  of  development 
considerably  later  than  that  at  which  most  of  the  tests  recorded  in  this  report 
were  begun.  Thus  a  number  of  experimental  animals,  placed  on  the  im- 
proved dietary  regimen  at  an  initial  body-weight  of  150  grams  or  more, 
promptly  began  to  make  gains  at  the  rate  of  about  6  grams  per  day,  in  con- 
trast with  less  than  2  grams  per  day  characteristic  for  animals  of  the  same  size 
growing  at  the  expected  rate  on  our  stock  food. 
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The  growth  of  a  mammal  is  a  self-limiting  process,  although  considerable 
variations  in  size  occur  among  individuals  of  the  same  species  or  breed. 
Heredity  has  been  regarded  as  the  dominating  factor  in  the  attainment  of  a 
definite  size.  It  has  remained  to  be  ascertained  whether  the  rapid  initial 
growths  that  we  have  been  describing — gains  of  5  or  6  grams  per  day  in  con- 
trast with  the  average  of  2  grams — would  result  definitely  in  the  development 
of  larger  adults.  Our  experience  seems  to  show  that  the  maximum  size 
reached  by  the  more  rapidly  growing  rats  is  not  necessarily  larger  than  that 
attained  by  many  of  our  earlier  series  making  less  rapid  gains.  In  other  words, 
adult  stature  has  not  been  notably  modified  by  the  preliminary  rate  of  growth. 
Furthermore  we  have  no  evidence  of  a  change  in  mortality  or  premature 
senility  incident  to  the  rapid  gains,  though  our  data  on  these  features  are 
not  sufficiently  abundant  to  carry  conviction.  Whether  the  development  of 
sexual  maturity  is  hastened  to  correspond  with  the  earlier  attainment  of  adult 
size  through  the  more  adequate  diets  has  not  yet  been  ascertained. 

A  typical  food,  capable  of  promoting  growth  at  the  rapid  rate,  is  repre- 
sented by  the  following  mixture : 

Per  cent 

Casein 35 

Salt  mixture 4 

Starch 37 

Butter  fat 9 

Lard 15 

+0  .2  gram  yeast  daily. 

-4-40  grams  green  lettuce  daily. 

Without  the  supply  of  lettuce,  growth  proceeds,  for  a  long  time  at  least,  at 
a  rate  represented  by  the  conventional  "curves  of  growth"  for  the  rat.  (See 
H.  H.  Donaldson:  The  Rat,  1924.)  In  other  successful  rations  for  rapid  gains 
the  special  adjuvants  to  the  constant  protein-fat-carbohydrate-salt  mixture 
have  included  liver  and  wheat  embryo.  From  numerous  feeding  tests  we 
have  gained  the  general  impression,  though  this  can  not  be  regarded  as  yet 
verified  through  sufficiently  careful  statistical  analysis,  that  combinations  of 
two  or  more  of  these  somewhat  heterogeneous  food  materials  are  more 
effective  than  at  least  the  usual  doses  of  any  one  of  them.  For  example,  lettuce 
and  liver,  liver  and  yeast,  or  yeast  and  lettuce  represent  potent  "combina- 
tions." With  the  possible  exception  of  very  large  adjuvants  of  lettuce,  either 
of  the  other  two  promoting  supplements  (liver,  yeast)  alone,  even  when  fed 
in  comparatively  large  doses,  do  not  seem  to  afford  as  rapid  growth  as  the 
combinations  indicated  do.  It  is  conceivable  that  the  "promoting"  effects 
are  due  to  more  than  one  chemical  substance,  including  vitamine  B.  If  the 
essentials  are  present  in  unlike  proportions  in  different  natural  products  like 
yeast  and  liver,  the  possible  advantage  of  combinations  thereof  can  be  more 
readily  understood;  for  each  would  supplement  the  relative  deficiency  of  the 
other.  It  would  also  explain  why  very  large  doses  of  each  of  the  items  men- 
tioned has,  alone,  also  promoted  the  maximum  growth. 

The  experiments  of  the  past  two  years  have  given  us  new  demonstrations 
of  the  need  of  increasing  the  total  intakes  of  vitamine  B  (and  perhaps  other 
essential  accessories)  as  animals  become  larger.  This  relation  of  dosage  to 
size  has  been  stressed  in  earlier  reports  and  publications.  Failure  to  take 
into  account  the  increased  requirement  in  larger  animals  probably  accounts 
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for  some  of  the  unsatisfactory  cessations  of  gain  recorded  in  many  experi- 
ments on  growing  animals.  Their  dependence  on  extraneous  sources  of 
vitamines  is  accentuated  in  all  tests  in  which,  by  the  use  of  false  bottom  cages, 
rats  are  prevented  from  access  to  their  feces  as  a  possible  additional  source  of 
vitamine  in  cases  of  stress. 

The  importance  of  ascertaining  precisely  what  constituents  of  the  cellular 
tissues  of  animals  and  plants  used  contain  the  accessory  essentials  of  growth 
is  obvious.  For  lettuce  we  have  already  demonstrated  that  desiccation  of 
the  green  leaves  under  laboratory  conditions  does  not  significantly  deteriorate 
the  product  though  it  may  somewhat  decrease  the  potency.  The  press  juice 
of  the  leaf  also  seems  to  be  effective.  For  liver  we  have  found  a  water  extract 
free  from  coagulable  proteins  to  be  potent.  This  is  of  interest  in  relation  to 
the  recent  demonstrations  of  the  efficacy  of  fat-free,  protein-free  extracts  of 
mammalian  liver  in  the  treatment  of  pernicious  anemia.  The  water-extracts 
are  rich  in  vitamine  B — a  finding  in  harmony  with  our  earlier  demonstrations 
for  the  entire  hepatic  tissue. 

The  search  for  other  potent  sources  of  the  same  growth-promoting  acces- 
sories has  led  to  the  testing  of  the  rapidly  growing  tissues  represented  by  the 
embryo  of  the  pig.  From  a  quantitative  standpoint  the  outcome  was  dis- 
appointing. Fresh  alfalfa  leaves  have  proved  to  be  notably  potent  in  daily 
quantities  that  compare  favorably  with  those  of  lettuce. 

The  results  of  our  studies,  in  collaboration  with  Professors  Park  and  Win- 
ternitz  of  the  Yale  University  School  of  Medicine,  on  the  much-discussed 
problem  of  the  effects  of  foods  exceptionally  rich  in  protein  and  certain  other 
dietary  constituents  upon  various  physiological  functions  have  recently  been 
published.     The  outcome  is  in  part  summarized  as  follows: 

A  renewed  study  of  the  possibilities  of  growth,  in  the  albino  rat,  on  diets 
exceptionally  rich  in  protein  has  confirmed  our  earlier  observations  on  large 
increments  of  body-weight  at  essentially  normal  rate  and  to  adult  size  under 
such  dietary  conditions.  The  failure  of  some  other  investigators  to  secure 
equally  good  growth  is  ascribed,  in  the  absence  of  more  explicit  information,  to 
possible  inadequacies  of  the  rations  employed  in  their  feeding  trials.  In  some 
of  our  successful  experiments  the  protein  component  of  the  dietary  represented 
two-thirds,  or  more,  of  the  entire  calorie  intake.  Animals  raised  to  large  size  on 
diets  of  a  relatively  low  protein  concentration  can  also  become  adjusted  to  the 
protein-rich  diets. 

The  blood  of  the  animals  on  a  protein-rich  regimen  shows  a  somewhat  higher 
content  of  non-protein  nitrogen  than  is  found  in  the  case  of  rats  living  on  the 
usual  laboratory  diets.  Comparative  data  are  also  available  for  the  urea 
nitrogen  of  the  blood. 

The  urine  of  animals  on  diets  extremely  rich  in  protein  showed  no  abnor- 
malities indicative  of  chronic  renal  disorders  attributable  to  the  protein. 

Hypertrophy  of  the  kidneys  is  a  characteristic  feature  of  the  animals  on  a 
diet  in  which  the  protein  intake  exceeds  about  one-third  of  the  food  fuel  of  the 
ration.  This  renal  response  is  characteristic  for  a  variety  of  dietary  proteins 
tested.  The  histological  features  of  the  enlarged  kidneys  have  been  described. 
The  hypertrophy  has  been  produced  by  ingestion  of  various  proteins.  _  The 
period  required  to  bring  it  about  is  surprisingly  brief.  Retrogression  in  kidney 
size  by  suitable  changes  in  diet,  after  hypertrophy  has  been  induced  by 
protein  feeding,  has  also  been  investigated.  The  possibility  of  comparable, 
renal  hypertrophy  through  ingestion  of  various  substances— urea,  inorganic 
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salts — normally  excreted  by  the  kidneys  has  also  been  studied  in  some  detail. 
Urea,  fed  in  amounts  equivalent  to  that  derived  from  effective  quantities  of 
protein,  failed  to  bring  about  an  equally  noticeable  renal  enlargement. 

In  collaboration  with  Professor  Park  we  have  endeavored  for  several  years 
to  formulate  a  "synthetic"  diet  that  will  permit  the  study  of  changes  in  the 
development  of  the  bony  structure  as  the  result  of  alterations  in  a  single 
factor  in  the  food.  This  involved  the  use  of  purified  dietary  ingredients  and 
a  salt  mixture  that  could  be  maintained  comparable,  except  for  a  single 
element  and  could  be  altered  to  make  the  diet  vary  in  its  potential  acidity  or 
alkalinity.  Numerous  experimental  obstacles  have  arisen  in  connection  with 
what  involves  primarily  the  metabolism  of  calcium  and  phosphorus  in  the 
growing  animal.  The  presence  or  absence  of  fats  seems  to  effect  a  modifying 
influence.  The  latest  food  formula  under  investigation  furnishes  the  follow- 
ing ingredients: 

Per  cent 

Edestin 20 

Starch 75 

Salt  mixture  XXX 2  .6 

Vitamine  B  is  furnished  daily  in  the  form  of  0.2  gram  of  dried  yeast  to  which 
sufficient  CaCl2  has  been  added  to  maintain  the  ratio  Ca :  P : :  1 : 0.5.  Vitamine 
D  is  furnished  daily  by  20  drops  of  cod  liver  oil;  in  experiments  that  exclude 
the  antirachitic  factor  the  same  dose  of  olive  oil  is  used. 

Salt  mixture  XXX  is  devoid  of  Ca  and  P  and  has  the  following  composi- 
tion: 

Grams  Grams 

MgC03 21 .8  Fe  citrate 6  .34 

Na2C03 30.1  KI 02 

K2C03 118.6  M11SO4 079 

HC1 95.3  NaF 248 

H2S04 9.2  K2A12(S04)2 0245 

Citric  acid  .  H20 30  .6 

The  mixture  is  neutral.  Ca  or  P  or  both  can  be  added  in  the  form  of  vari- 
ous salts  so  as  to  produce  any  ratio  of  Ca:P  that  is  desired.  The  potential 
reaction  can  be  varied  from  alkalinity  to  acidity  by  the  appropriate  selection 
of  the  compounds  of  Ca  and  P  added.  Many  individual  factors  are  thus 
subject  to  extreme  variations.  The  vitamine  supply,  the  protein  level,  the 
modifying  effect  of  fats  and  carbohydrates  respectively,  the  potential  reaction, 
the  ratio  of  the  bone-forming  elements  to  each  other,  and  the  relative  "levels" 
at  which  they  occur  in  the  intake  can  be  independently  or  conjointly  modified. 
This  type  of  food  mixture  should  prove  to  be  valuable  in  the  study  of  many 
nutritional  problems  in  addition  to  the  pathology  of  bone  defects. 

Congenital  ocular  anomalies  in  animals  have  rarely  been  reported,  and  few 
cases  have  been  carefully  studied.  The  birth  of  a  family  of  blind  albino  rats 
that  presented  ocular  defects  and  peculiar  head  malformations  was  referred  to 
in  the  last  report.  The  animals  were  born  of  normal  parents  that  were  sub- 
sequently mated  and  no  malformed  offspring  were  detected.  A  careful 
inbreeding  of  these  animals  did  not  reveal  any  ocular  disturbance.  A  study 
of  them  undertaken  by  Dr.  Arthur  M.  Yudkin  of  the  Section  on  Ophthal- 
mology in  the  Yale  University  School  of  Medicine  has  demonstrated  that 
they  are  instances  of  true  anophthalmos  from  a  histopathological  standpoint. 
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This  is  significant  because  a  number  of  clinical  cases  of  so-called  anophthal- 
mos  have  proved,  on  careful  investigation,  to  be  merely  diminutive  microph- 
thalmos. In  our  animals  the  eyeball,  optic  nerve  and  chiasm  were  found 
missing.  The  tissue  which  ordinarily  develops  from  the  mesoblastic  layer 
was  present,  but  in  an  undeveloped  form.  This  ocular  malformation  was 
probably  produced  by  an  arrested  growth  of  the  primary  optic  vesicle  by  some 
toxic,  infectious,  or  chemical  agents,  introduced  from  the  mother's  circulation 
to  that  of  the  embryo  in  its  early  stage  of  development.  All  of  the  animals 
showed  some  form  of  discharge  from  the  conjunctival  sac.  On  microscopic 
examination  this  fluid  disclosed  nothing  other  than  products  of  the  breaking 
down  of  cellular  tissue  with  no  signs  of  bacteria.  It  was  probably  due  to  the 
irritation  of  the  entropion.  Some  observers  have  considered  congenital 
deformities  such  as  anterior  staphyloma,  coloboma  of  the  iris,  choroid  and 
retina,  and  even  microphthalmos  as  due  to  an  exogenous  infection,  but  cases 
of  true  anophthalmos,  which  have  been  reported,  show  that  some  part  of  the 
brain,  particularly  that  associated  with  vision,  was  also  missing. 

In  further  extension  of  work  previously  done  on  testicular  degeneration  in 
male  rats  reared  on  the  standard  (10  per  cent)  casein  diet,  Dr.  K.  E.  Mason 
has  autopsied  and  made  histological  examinations  of  various  organs  and  tissues 
of  some  160  male  rats  selected  from  animals  used  for  growth  studies  and  repre- 
senting a  large  variety  of  dietary  regimes. 

All  diets  composed  of  casein  (18*  or  35  per  cent),  or  edestin  (35  per  cent), 
or  lactalbumin  (35  per  cent) ,  or  meat  residue  (20  or  30  per  cent) ,  plus  starch, 
lard,  butter  fat,  salts  and  yeast,  with  or  without  additions  of  dried  alfalfa  and 
cod  liver  oil,  have  resulted  in  marked  testicular  degeneration  of  animals  so  fed. 
The  addition  of  large  amounts  of  dried  lettuce  (dried  in  warm  air  at  low  tem- 
peratures and  compressed  into  tablet  form)  to  the  basal  18  and  35  per  cent 
casein  diets,  did  not  prevent  the  testicular  degeneration  although  this 
appeared  to  be  delayed  to  a  slight  extent.  Diets  composed  of  yellow  corn 
meal  (58  per  cent,  70  per  cent,  79  per  cent)  and  skim-milk  powder,  with  or 
without  additions  of  casein,  salts,  iron,  iodine,  liver,  etc.,  have  proved  ade- 
quate for  normal  testicular  function. 

Histological  studies  of  the  thyroid,  adrenal,  spleen,  liver,  kidney  and  pan- 
creas of  sterile  animals  have  proved  negative;  but  the  epididymis,  prostate 
and  seminal  vesicles  gave  evidence  of  pathological  changes  which  are  being 
more  carefully  investigated. 

This  work,  which  was  begun  by  Dr.  Mason  under  a  fellowship  from  the 
National  Research  Council,  is  being  continued  in  the  Department  of  Anatomy 
of  Vanderbilt  Medical  School,  Nashville,  Tennessee. 

In  the  course  of  our  investigation  of  cellular  constituents  we  have  encoun- 
tered serious  technical  difficulties.  Attempts  to  isolate  the  bases  from  an 
extract  of  yeast  gave  results  which  indicated  that  the  conventional  methods 
required  further  detailed  study.  Much  time  has  therefore  been  devoted  to  a 
revision  of  the  standard  procedure  for  the  separation  of  histidine  from 
arginine,  as  these  two  basic  amino  acids  not  only  appear  to  form  an  important 
part  of  the  base  fraction  from  yeast  but  are  also  found  in  many  other  materials. 

Highly  purified  specimens  of  these  two  bases  were  prepared.  Arginine  was 
found  to  be  most  easily  purified  as  the  picrate,  while  histidine  was  crystallized 
first  as  the  chloride  and  then  from  50  per  cent  alcohol  as  the  free  base.     The 
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silver  compound  of  histidine  was  found  to  be  completely  precipitated  from 
solutions  having  an  hydrogen  ion  concentration  in  the  vicinity  of  pH  7.2 
while  no  precipitation  of  arginine  occurred  until  the  reaction  was  carried  over 
to  approximately  pH  7. '9.  Based  upon  these  observations  a  method  has  been 
developed  for  the  quantitative  separation  of  the  two  bases  which  permits  of  a 
recovery  of  pure  crystalline  derivatives  in  excess  of  95  per  cent  of  the  material 
taken. 

The  method  consists  in  the  precipitation  of  histidine  as  its  silver  compound 
at  pH  7.0  by  the  careful  addition  of  barium  hydroxide  to  a  solution  of  histidine 
containing  excess  of  silver  sulphate.  The  precipitate  is  decomposed  by  boil- 
ing with  the  minimal  amount  of  hydrochloric  acid  and  the  histidine  again 
brought  down  as  its  silver  compound  at  pH  7.0.  By  this  double  precipita- 
tion washing  is  avoided  and  the  last  traces  of  occluded  arginine  are  removed. 
The  filtrates  are  then  acidified  and  concentrated  in  vacuo  and  the  arginine  is 
precipitated  by  the  addition  of  barium  hydroxide  to  a  reaction  in  the  vicinity 
of  pH  10.  We  have  found  it  unnecessary  to  saturate  the  solution  with  barium 
hydroxide  as  recommended  by  Kossel.  This  method  of  separation  is  much 
simpler  and  more  expeditious  than  that  formerly  employed  and  is  practically 
quantitative. 

The  recovery  of  the  arginine  from  its  solutions  is  simply  effected  by  the 
use  of  dinitronaphthol  sulphonic  acid,  the  reagent  introduced  by  Kossel  and 
Gross  some  years  ago.  Histidine,  however,  presented  considerable  difficulty 
until  we  found  that  it  forms  an  insoluble  compound  containing  two  molecules 
of  this  same  reagent.  A  short  paper  has  been  published  in  the  Journal  of 
Biological  Chemistry  describing  this  compound,  as  it  provides  the  only  means 
with  which  we  are  familiar  for  the  convenient  and  quantitative  isolation  of 
this  base. 

A  paper  describing  the  method  of  separation  has  likewise  been  published 
and  we  are  at  present  engaged  upon  its  application  to  the  improvement  of 
the  existing  methods  for  the  analysis  of  the  bases  derived  from  proteins  by 
hydrolysis.  A  further  application  to  the  preparation  of  pure  arginine  in 
large  quantities  has  likewise  been  made  and  a  description  of  this  will  shortly 
be  published. 

The  examination  of  the  yeast  extract  mentioned  in  last  year's  report  was 
continued,  although  no  further  publications  have  been  made  owing  to  the 
difficulties  referred  to  above.  The  histidine  fraction  from  this  material 
contained  other  substances,  one  of  which  has  been  isolated  in  small  amounts 
in  pure  form  but  has  not  yet  been  identified.  We  hope  to  continue  its  study 
when  more  becomes  available.  The  great  difficulty  in  dealing  with  these 
extracts  has  been  the  selection  of  a  method  to  separate  the  actual  bases  from 
other  substances  which  form  insoluble  precipitates  with  phosphotungstic  acid. 
This  reagent  has  been  widely  employed  for  many  years  upon  the  assumption 
that  the  nitrogen  precipitated  by  it  belonged  to  bases.  The  presence  of 
peptides  in  extracts  of  plant  material  renders  this  assumption  unwarranted. 
Many  of  these  form  insoluble  phosphotungstates  and  are  therefore  to  be 
found  in  the  supposedly  "base"  fraction.  Experience  with  protein  hydrolys- 
ates  which  had  not  been  treated  with  acid  for  a  sufficient  length  of  time 
has  taught  us  that  such  peptides  may  find  their  way  into  all  the  subsequent 
base  fractions.     Consequently  attempts  to  isolate  derivatives  of  basic  sub- 
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stances  from  such  fractions  give  results  which  fall  far  short  of  those  to  be 
expected  from  their  nitrogen  content.  This  has  been  the  experience  we  have 
had  both  with  alfalfa  and  yeast  extracts,  and  has  shown  us  that,  until  methods 
are  developed  whereby  peptides  can  be  quantitatively  removed  from  such 
fractions,  further  progress  in  the  analysis  can  only  be  made  by  hydrolysis  of 
the  peptides  to  their  constituent  amino  acids  before  precipitation  of  the  bases. 
We  expect,  therefore,  to  continue  our  work  along  this  line. 

A  short  investigation  has  been  made  of  the  substances  precipitated  by 
phosphotungstic  acid  at  one  stage  in  the  analysis  of  the  yeast  extract  which 
are  not  basic  and  which  can  not  be  recovered  from  the  precipitate  by  the 
ordinary  treatment  with  barium  hydroxide .  By  long-continued  treatment  with 
strong  hydrochloric  acid  we  obtained  a  solution  from  which  several  mono 
amino  acids,  among  them  tyrosine,  glutaminic  and  aspartic  acids,  were  isolated. 
This  observation  throws  further  doubt  upon  the  suitability  of  phospho- 
tungstic acid  for  use  as  a  reagent  for  the  indirect  determination  of  the  basic 
nitrogen  of  plant  extracts.  It  apparently  precipitates  complex  compounds, 
probably  peptides,  which  resist  decomposition  by  alkalies  and  consequently 
in  large-scale  operations  much  nitrogen  is  unavoidably  lost.  A  discussion  of 
some  of  these  difficulties  has  been  prepared  at  the  request  of  Professor  Tot- 
tingham  of  the  University  of  Wisconsin  and  will  appear  in  Plant  Physiology. 


PALEOGRAPHY 

Lowe,  E.  A.,  Oxford,  England.     Associate  in  Palaeography.     (For  previous 
reports  see  Year  Books  9-16,  19-25.) 

In  a  previous  report  mention  was  made  of  the  need  of  dividing  uncial 
manuscripts  into  schools  before  any  adequate  treatment  of  the  script  as  a 
whole  was  possible.  During  the  first  months  of  1927,  while  working  on  the 
uncial  manuscripts  of  Spain,  the  discovery  was  made  that  the  famous  manu- 
script of  St.  Augustine  on  the  Baptism  preserved  at  the  Escurial — it  is  the 
oldest  extant  manuscript  of  this  work  and  at  the  same  time  the  oldest  uncial 
manuscript  in  Spain — happens  to  contain  annotations  which  indubitably 
connect  it  with  some  Anglo-Saxon  center.  These  annotations  are  in  Anglo- 
Saxon  script  of  the  eighth  century  and  furnish  clear  proof  that  the  manuscript 
in  which  they  are  found  either  comes  from  England  or  from  some  center  on  the 
continent  like  Fulda,  Wurzburg,  Echternach,  or  Tours  where  Anglo-Saxon 
script  was  often  used  in  the  eighth  century,  or  was  read  in  an  unknown  center 
by  a  wandering  Anglo-Saxon  monk.  As  no  description  of  the  manuscript 
shows  any  realization  of  the  true  character  of  the  annotations  it  seemed  highly 
desirable,  in  view  of  the  possible  light  it  might  throw  on  the  history  of  Spanish 
uncial,  to  submit  the  entire  manuscript  to  a  careful  examination.  This  was 
done  in  the  month  of  April  with  interesting  results  which  will  be  published  in 
due  time.  The  Spanish  journey  included  work  in  the  libraries  of  Barcelona, 
Madrid,  Toledo,  Escurial  and  Leon,  where  every  courtesy  was  accorded. 
Through  the  kind  intercession  of  the  Papal  Nuncio  the  chapter  libraries  of 
Toledo  and  Leon  granted  considerable  extension  of  the  working  hours. 
Thanks  to  the  able  assistance  given  by  Father  W.  J.  Anderson  throughout,  it 
was  possible  to  take  notes  on  nearly  all  the  extant  Visigothic  manuscripts  in 
Spain  and  thus  gather  a  substantial  part  of  the  material  necessary  for  a  book 
on  the  peculiar  minuscule  employed  in  Spain  from  the  eighth  to  the  twelfth 
century.  At  Madrid  permission  was  received  to  visit  the  private  collection 
of  Sefior  Don  Jose'  Lazaro  which  was  found  to  contain  a  leaf  of  a  lost  manu- 
script of  the  New  Testament,  the  companion  volume  to  which  exists  in  the 
Biblioteca  Nacional,  Manuscript  2. 

The  date  of  the  Codex  Bezse,  the  most  puzzling  New  Testament  Manuscript 
that  has  come  down  to  us,  has  recently  been  the  subject  of  discussion.  At 
the  invitation  of  Dr.  J.  Rendel  Harris  a  paper  was  written  for  the  Bezan  Bul- 
letin in  which  the  question  of  date  is  treated  at  length.  The  Bodleian  Library 
possesses  an  uncial  manuscript  of  St.  Augustine  in  which  is  entered  an  eighth- 
century  catalogue  of  books.  This  catalogue,  written  in  Anglo-Saxon  char- 
acters, is  of  double  interest:  first,  because  it  proves  the  connection  of  the 
manuscript  with  Wurzburg,  whose  first  bishop  was  the  Anglo-Saxon  Burchard, 
the  follower  of  St.  Boniface,  the  Anglo-Saxon  from  Devon  known  as  the  Apos- 
tle of  the  Germans;  and  second,  because  it  throws  light  on  the  history  of  the 
Laudian  Acts,  the  celebrated  Graeco-Latin  manuscript  which  can  be  shown 
to  have  been  used  by  the  Venerable  Bede.  An  analysis  of  this  catalog  and 
an  account  of  its  historic  bearings  were  treated  in  a  paper  recently  sent  to 
press.     A  considerable  amount  of  new  data  has  been  put  together  in  prepara- 
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tion  for  a  paper  entitled  More  Facts  about  our  Oldest  Latin  Manuscripts. 
Several  plates  of  Scriptura  Beneventana  were  sent  to  the  press,  and  a  few  small 
articles  and  reviews  were  written. 

Part  of  the  summer  and  the  autumn  months  of  1926  was  spent  in  America. 
With  the  kind  permission  of  the  Institution  advantage  was  taken  of  this  visit  to 
give  a  series  of  palaeographical  lectures  at  the  universities  of  Chicago,  Cornell, 
Harvard,  Michigan,  Pennsylvania,  Rochester  and  at  Smith,  Wells  and  Welles- 
ley  Colleges.  One  lecture  was  given  under  the  auspices  of  the  Carnegie 
Institution  itself.  It  was  a  privilege  and  a  stimulus  to  visit  these  seats  of 
learning  and  to  come  in  touch  with  men  and  women  working  in  kindred  fields. 


PALEONTOLOGY 

Chaney,  Ralph  W.,  Berkeley,  California.     Research  Associate  in  Paleobotany. 
(For  previous  reports  see  Year  Books  Nos.  21-25.) 

The  study  of  the  fossil  plants  of  western  North  America  during  the  past 
year  has  involved  a  continuation  of  the  work  under  way  in  the  northern  Great 
Basin,  and  the  beginning  of  an  investigation  of  the  Pleistocene  flora  in  asphalt 
deposits  at  Carpinteria,  California. 

In  the  Great  Basin  emphasis  has  been  placed  on  the  floras  of  the  Crooked 
River  Basin,  which  lies  about  40  miles  south  of  the  John  Day  Basin  where 
the  work  has  centered  previously.  Fossil  plants  occur  there  at  3  horizons — 
in  the  Clarno  of  Upper  Eocene  or  of  Lower  Oligocene  age,  in  the  Lower  John 
Day  beds  of  Upper  Oligocene  age,  and  in  the  Upper  John  Day  beds  of  latest 
Oligocene  age.  The  Lower  John  Day  beds  furnish  an  abundant  and  interesting 
flora  which  in  species  content  is  essentially  like  the  Bridge  Creek  flora  of  the  John 
Day  Basin.  A  comparison  of  these  floras  from  the  two  basins  brings  out  cer- 
tain differences  which  emphasize  the  significance  of  an  ecologic  approach  in  the 
study  of  Tertiary  paleobotany.  For  in  spite  of  a  close  qualitative  similarity, 
the  quantitative  representation  of  the  dominant  species  in  the  two  floras  is  so 
diverse  as  to  indicate  important  differences,  either  in  age  or  in  habitat.  There 
appears  to  be  no  basis  for  an  assumption  of  any  great  difference  in  age,  since 
the  stratigraphic  position  and  lithology  of  the  leaf -bearing  shales  are  the  same 
in  both  basins.  An  effort  has  therefore  been  made  to  demonstrate  that  the 
difference  between  the  two  floras  is  on  the  order  of  that  between  floras  now 
living  in  the  Redwood  Belt  under  somewhat  different  conditions. 

The  Bridge  Creek  Flora  of  the  John  Day  Basin  is  characterized  by  four 
dominant  species,  Alnus  carpinoides,  Sequoia  langsdorfii,  Quercus  consimilis 
and  Umbellularia  oregonensis,  which  make  up  86.69  per  cent  of  the  total  num- 
ber of  specimens  represented  at  the  type  locality  on  Bridge  Creek.  The 
presence  of  four  dominant  and  closely  related  living  species  of  these  genera 
along  the  streams  of  the  Redwood  Belt  of  coastal  California  has  led  to  the 
conclusion  that  the  Bridge  Creek  flora  occupied  a  similar  habitat  during  the 
Oligocene.1  In  the  corresponding  flora  of  the  Crooked  River  Basin,  these 
four  fossil  species  are  all  represented,  but  they  make  up  only  40.82  per  cent 
of  the  total  number  of  specimens  noted.  Two  other  species,  neither  of  which 
has  been  recorded  in  the  counts  in  the  John  Day  Basin,  Quercus  clarnensis 
and  Ulmus  brownellii,  make  up  49.77  per  cent.  The  more  abundant  of  these, 
Quercus  clarnensis,  appears  to  be  closely  related  to  Quercus  chrysolepis,  a 
living  species  which  is  common  in  the  open  valleys  and  other  exposed  situa- 
tions of  the  Redwood  Belt.  There  are  no  representatives  of  Ulmus  in  western 
America  today,  but  the  living  species  most  similar  to  Ulmus  brownellii  is 
Ulmus  parvifolia  which  occupies  the  borders  of  the  mesophytic  forest  of  the 
northern  provinces  of  China.  In  addition  to  these  two  dominant  species, 
which  make  up  nearly  one  half  of  the  Crooked  River  flora  as  analyzed  quan- 
titatively, there  are  several  others,  not  recorded  at  the  type  locality  in  the 

1  Chaney,  Carnegie  Inst,  Wash.  Pub.  349.  Pt.  1,  p.  13,  1925. 
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John  Day  Basin,  which  are  also  distinctive  border  types,  including  Amelan- 
chier  grayi,  Arbutus  matthesii,  Ceanothus  blakei,  Pinus  knowltoni,  Pteris 
silvicola  and  Salix  calif ornica.  The  difference  between  the  floras  from  the  two 
basins  may  best  be  explained  on  the  basis  of  topographic  diversity,  the 
Crooked  River  Basin  having  been  characterized  by  larger  and  broader  valleys 
than  those  at  Bridge  Creek.  The  relatively  open  topography  of  such  a  habi- 
tat resulted  in  the  presence  of  border  types,  of  which  Quercus  clarnensis  and 
Ulmus  brownellii  were  the  most  abundant,  making  possible  the  mixture  of 
their  leaves  with  those  of  the  typical  redwood  association.  The  high  percent- 
age of  typical  redwood  associates  at  the  type  locality  on  Bridge  Creek  indicates 
that  the  valleys  were  comparatively  small  and  correspondingly  humid. 

One  of  the  most  conspicuous  gaps  in  the  history  of  plants  in  western  America 
has  been  filled  by  the  recent  discovery  of  fossiliferous  asphalt  deposits  near 
Carpinteria,  California.  Whereas  deposits  of  a  similar  nature  at  Rancho  La 
Brea  and  at  McKittrick  are,  in  spite  of  the  abundance  of  vertebrate  remains, 
comparatively  lacking  in  plant  fossils,  collections  already  made  at  Carpin- 
teria include  an  abundance  of  plant  material  together  with  a  characteristic 
Pleistocene  assemblage  of  mammals  and  birds.  Through  the  cooperation  of 
Ralph  Hoffmann,  Director  of  the  Santa  Barbara  Museum  of  Natural  History, 
this  material  is  being  studied  by  the  writer  and  his  associates,  Herbert  L. 
Mason  and  Mrs.  Irma  E.  Webber  of  the  Botany  Department  of  the  University 
of  California.  Mrs.  Webber  has  sectioned  about  300  specimens  of  wood  of 
which  she  finds  several  types,  with  pine  the  most  abundant .  Mr.  Mason  has  been 
particularly  concerned  with  the  fruiting  and  foliage  material,  which  is  remark- 
ably well  preserved.  He  has  recognized  10  species,  all  either  identical  with  or 
closely  resembling  living  species.  Among  these  are  the  living  species  Pinus 
radiata,  P.  muricata  and  Cupressus  goveniana,  which  today  characterize  the 
coastal  forest  in  the  region  of  Monterey  Bay,  200  miles  to  the  north.  This 
modern  forest  lives  under  climatic  conditions  more  humid  than  those  now 
existing  at  Carpinteria,  and  appears  to  represent  the  restricted  portion  of  a 
forest  which  was  of  much  wider  extent  during  the  Pleistocene  and  earlier. 
If  the  assumption  is  correct  that  the  climatic  requirements  of  these  trees  were 
the  same  in  the  Pleistocene  as  they  are  today,  a  reduction  in  rainfall  and  in  the 
amount  of  summer  fog  is  indicated  in  the  shifting  of  the  southern  margin  of 
this  forest  north  from  Carpinteria  to  Monterey  Bay  since  that  period. 

Because  of  their  bearing  on  the  distribution  of  modern  plants,  the  fossil 
conifers  of  western  America  are  being  thoroughly  studied  by  Herbert  L. 
Mason.  Conifers  make  up  a  conspicuous  part  of  the  living  forests  of  the 
West,  and  the  restricted  range  of  many  of  the  species  has  presented  unan- 
swerable problems  in  distribution  and  migration.  The  fossil  record  of  the 
Tertiary  equivalents  of  Sequoia  sempervirens,  Abies  venusta,  Pinus  radiata, 
P.  muricata  and  P.  attenuata,  not  to  mention  that  of  Ginkgo  biloba  which  is 
now  restricted  to  Asia,  is  therefore  of  particular  significance,  since  it  indicates 
a  former  wide  range  of  these  and  probably  many  other  species  over  western 
America.  Just  what  were  the  climatic  and  other  factors  in  the  restriction  of 
these  species  and  their  forest  associates  can  perhaps  best  be  determined  by 
the  study  of  their  geographic  and  ecological  distribution  in  past  time. 
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Merriam,  John  C,  and  Associates.    Continuation  of  palaeontological  researches. 
(For  previous  reports  see  Year  Books  Nos.  20-25.) 

In  the  course  of  the  past  year  work  has  continued  with  increased  emphasis 
on  the  palaeontological  researches  under  way  by  J.  C.  Merriam  and  asso- 
ciates who  have  been  engaged  in  conduct  of  studies  on  the  comprehensive 
group  of  investigations  on  history  of  life  in  the  Pacific  Coast  region.  A  con- 
siderable number  of  publications  relating  to  these  investigations  have  been 
issued  during  the  past  year  and  others  are  now  in  preparation. 

The  studies  of  the  past  year  have  centered  on  continuation  of  research  in 
the  great  area  of  formations  of  eastern  Oregon  which  has  been  under  investiga- 
tion for  more  than  twenty-five  years.  Completion  of  the  geological  mapping 
and  of  extension  of  study  of  the  palaeontological  zones  have  brought  out  many 
new  features  of  interest  and  have  widely  illuminated  the  field  in  which  these 
researches  have  been  under  way. 

The  group  of  monographs  on  the  fauna  of  the  asphalt  beds  of  Rancho  La 
Brea,  on  the  asphalt  beds  at  McKittrick,  California,  on  the  fossil  faunas  of 
the  Tertiary  formations  of  eastern  Oregon  and  Nevada,  and  on  the  cetaceans, 
or  representatives  of  the  whale  group,  have  all  proceeded  rapidly  and  with 
most  satisfactory  results. 

Reports  on  four  of  the  main  groups  of  special  researches  by  J.  P.  Buwalda, 
Chester  Stock,  E.  L.  Packard,  and  Remington  Kellogg,  follow: 

Report  of  Researches  by  John  P.  Buwalda 

The  detailed  geologic  mapping  of  parts  of  the  John  Day  region  of  central 
Oregon  was  considerably  advanced  during  the  two  and  one  half  months  spent 
in  the  field  during  the  summer  of  1926. 

Areal  mapping  in  the  Picture  Gorge  Quadrangle  is  practically  completed 
and  much  data  accumulated  for  the  construction  of  geologic  cross-sections 
and  for  deciphering  the  geologic  history.  Faulting  in  the  Birch  Creek  area 
was  carefully  studied  and  it  is  definitely  determined  that  movements  on 
these  fractures  occurred  at  two  quite  distinct  geologic  dates.  Certain  sec- 
tions were  measured  to  determine  the  proportionate  make-up  of  the  forma- 
tions and  their  thicknesses.  A  pre-cretaceous  crystalline  complex  of  rocks, 
hitherto  unsuspected  in  the  area,  was  discovered  in  the  northeast  corner  of  the 
quadrangle.  Certain  advances  were  made  in  a  comprehension  of  the  physio- 
graphic history,  but  this  phase  of  the  investigation  is  still  far  from  complete. 

Areal  and  structural  studies  in  the  Mitchell  Quadrangle  were  likewise  prose- 
cuted during  part  of  the  summer.  Tracing  of  the  formation  boundaries  in 
this  large  area  of  750  square  miles  was  practically  completed  but  much 
detailed  work  in  mapping  constituent  members  and  in  securing  structural 
data  remains  to  be  done.  Areas  of  Pre-cretaceous  rocks  not  previously  known 
were  also  found  in  the  Mitchell  region.  Through  the  palaeontologic  studies  of 
E.  L.  Packard  the  cretaceous  strata  were  definitely  determined  as  Chico 
Upper  Cretaceous. 

Unconformities  between  the  successive  formations  have  become  very  con- 
spicuous on  the  geologic  maps  as  the  areal  studies  have  progressed,  and  the 
physical  geology  is  corroborating  through  at  least  four  lines  of  evidence  the 
belief  based  upon  the  earlier  studies  of  the  mammalian  faunas  that  the 
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sedimentary  formations  had  been  deposited  in  periods  separated  by  long 
intervals  of  geologic  time.    Another  notable  result  of  the  summer's  work  is  the 
recognition  of  the  fact  that  the  deformation  of  the  region  in  different  periods 
did  not  occur  along  exactly  the  same  structural  axes. 
B.  N.  Moore  assisted  in  the  field  studies  during  the  entire  field  season. 

Report  of  Researches  by  Chester  Stock 

(1)  With  the  assistance  of  E.  L.  Furlong  a  systematic  survey  for  fossil 
vertebrates  was  made  in  the  John  Day  formation  of  eastern  Oregon  as  exposed 
in  the  area  now  topographically  mapped  as  the  Picture  Gorge  Special  Sheet 
of  the  U.  S.  Geological  Survey.  With  a  view  to  determining  the  presence  of 
faunal  units  or  zones  and  the  vertical  distribution  of  mammalian  types  in  the 
John  Day  formation,  accurate  records  were  kept  of  all  the  vertebrate  col- 
lecting localities  in  the  topographic  map.  The  collections  obtained  during  this 
field  season  by  Stock  and  Furlong  are  now  being  prepared  and  studied  at 
California  Institute  of  Technology. 

(2)  Continued  progress  is  being  made  with  the  studies  relating  to  the  Pleis- 
tocene fauna  of  Rancho  La  Brea.  Memoirs  dealing  with  the  Felidae  and  the 
Equidae  from  the  asphalt  are  nearing  completion,  and  that  dealing  with  the 
Camelidae  has  been  advanced  considerably. 

The  census  of  the  Pleistocene  mammals  in  the  fauna  as  preserved  in  the 
collections  of  the  Los  Angeles  Museum  has  been  practically  completed  and  the 
results  of  this  study  are  now  being  prepared  for  the  press.  A  similar  survey 
has  been  instituted  for  the  McKittrick  Pleistocene  Mammalian  assemblage, 
but  awaits  the  completion  of  the  excavations  at  that  locality.  An  important 
feature  of  this  work  rests  in  the  cumulative  evidence  tending  to  define  the  age 
relationships  of  these  two  important  Pleistocene  faunas. 

(3)  With  the  progress  of  excavations  in  the  McKittrick  asphalt  by  Charles 
H.  Sternberg  for  California  Institute  of  Technology,  opportunity  has  been 
offered  to  study  in  detail  the  mode  of  occurrence  of  the  deposit.  A  prelimi- 
nary report  of  this  investigation  is  now  in  preparation.  The  collection  made 
by  Mr.  Sternberg  at  McKittrick  during  the  past  year  includes  additional 
fossil  materials  of  types  known  heretofore  by  only  imperfect  remains.  Several 
forms  new  to  the  McKittrick  Pleistocene  have  been  discovered.  Studies  of 
the  fauna  are  being  continued. 

(4)  A  third  asphalt  deposit  containing  Pleistocene  vertebrate  and  plant 
remains  has  been  recently  discovered  near  Carpinteria,  California.  Through 
the  courtesy  of  Ralph  Hoffman,  Director,  and  the  Board  of  Trustees  of  the 
Santa  Barbara  Museum  of  Natural  History,  the  Carnegie  Institution  and  the 
California  Institute  of  Technology  have  been  invited  to  investigate  the  occur- 
rence and  to  report  on  the  palaeontological  materials.  Excavations  are  now 
being  conducted  at  the  Carpinteria  locality  by  the  Carnegie  Institution.  A 
preliminary  statement  of  the  occurrence  and  of  the  mammalian  assemblage  is 
in  press.  A  report  of  the  Pleistocene  avian  fauna  is  also  being  published  by 
Dr.  Loye  Holmes  Miller. 

The  Carpinteria  occurrence  is  particularly  noteworthy  because  of  the 
apparent  clearness  with  which  the  position  of  the  fauna  and  flora  can  be 
established  in  the  succession  of  geological  events  for  this  region.  Moreover, 
the  ecological  conditions  which  prevailed  at  the  locality  during  the  period  of 
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accumulation  were  quite  different  from  those  recorded  at  Rancho  La  Brea  and 
at  McKittrick. 

(5)  Following  the  plan  outlined  in  the  previous  report  an  exhibit  of  Pleisto- 
cene mammoth  and  ground  sloth  skeletal  material  has  been  installed  in  associa- 
tion with  the  occurrence  of  fossil  foot  prints  at  the  Nevada  State  Penitentiary, 
Carson  City,  Nevada.  The  specimens  were  prepared  and  loaned  by  the  Los 
Angeles  Museum.  Further  work  on  this  exhibit  and  on  the  remarkable  series 
of  Pleistocene  footprints  exposed  in  the  prison  quarry  is  planned. 

Report  of  Researches  of  E.  L.  Packard 

Dr.  E.  L.  Packard,  of  the  University  of  Oregon,  has  been  engaged  on  a 
study  of  the  invertebrate  faunas  of  the  older  formations  comprising  principally 
the  Cretaceous  rocks  in  the  Mitchell  Quadrangle  and  the  Picture  Gorge 
Quandrangle  of  eastern  Oregon,  the  geology  of  which  is  being  worked  out 
intensively  by  Dr.  John  P.  Buwalda.  Dr.  Packard's  field  studies  have  occu- 
pied parts  of  the  last  two  seasons.  During  this  period  he  has  been  assisted 
by  advanced  students  from  the  University  of  Oregon. 

Fossils  from  the  older  formations  had  not  previously  been  recorded  from 
either  of  the  two  areas  investigated,  although  the  collection  of  Thomas 
Condon  at  the  University  of  Oregon  contained  a  few  specimens  from  the 
Mitchell  Quadrangle,  and  John  C.  Merriam  had  discovered  remains  of  Cre- 
taceous ammonites  in  the  shales  along  Bridge  Creek  near  Mitchell.  A 
Cretaceous  fauna  had  also  been  obtained  by  Dr.  Condon  near  Antone,  beyond 
the  limits  of  the  Mitchell  Quadrangle,  and  a  fauna  from  Spanish  Gulch  near 
by  was  later  listed  by  John  C.  Merriam  on  the  basis  of  studies  by  T.  W. 
Stanton. 

Systematic  search  within  the  Cretaceous  areas  of  the  Mitchell  Quadrangle 
resulted  in  the  discovery  of  a  considerable  number  of  fossil  localities.  These 
are  distributed  throughout  the  area,  but  the  fossils  are  restricted  to  rather 
definite  zones,  each  with  a  characteristic  assemblage.  The  most  note- 
worthy horizon  has  been  traced  through  many  localities  and  over  a  distance 
of  more  than  fifteen  miles.  It  occurs  well  up  in  the  series  of  the  lower  shales. 
The  fauna  is  conspicuous  for  its  representation  of  ammonites,  including 
few  species  but  represented  by  thousands  of  specimens.  A  gigantic  species 
of  Ancyloceras(?)  and  numerous  specimens  of  Lytoceras,  together  with  Gab- 
bioceras  and  Pachydiscus  shastense  Anderson,  as  well  as  other  well-described 
molluscan  remains,  indicate  the  Horsetown  stage  of  the  Cretaceous  for  a 
portion  at  least  of  the  lower  shales.  The  final  age  determination  can  not  be 
made  until  the  full  census  of  fossil  forms  has  been  completed.  Only  a  single 
fossiliferous  locality  lying  above  the  lower  conglomerate  member  has  yet 
been  found.  The  meager  fauna  is  probably  not  sufficiently  diagnostic  to 
justify  its  assignment  to  either  the  Horsetown  or  the  Chico  Cretaceous. 

Relationship  of  the  rather  late  Chico  Cretaceous  fauna  of  the  Rock  Creek 
Basin  is  shown  by  several  species  in  common,  including  such  an  easily  recog- 
nized form  as  Trigonia  rel.  evansana  Meek.  Although  only  a  portion  of  the 
fauna  has  yet  been  studied,  it  is  presumed  that  the  Mitchell  Cretaceous  will 
not  be  found  to  include  Knoxville,  but  probably  represents  parts  at  least  of 
both  the  Horsetown  and  Chico  beds  of  California. 
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Report  on  Researches  by  Remington  Kellogg 

(1)  A  continuation  of  the  study  of  the  pelagic  mammalian  faunas  of  the 
Temblor  Miocene  formation  of  Southern  California.  The  report  on  this  col- 
lection is  far  advanced  and  the  illustrations  have  been  prepared  by  Sydney 
Prentice  of  Pittsburgh. 

(2)  A  trip  was  made  to  the  porpoise  fishery  on  Hatteras  Island,  North 
Carolina,  for  the  purpose  of  obtaining  anatomical  and  osteological  material 
for  further  study.  The  fishery  itself  has  a  very  interesting  history  and  is 
known  to  have  been  in  existence  as  early  as  1850.  It  began  as  a  community 
affair  at  Trent  where  the  fishermen  made  their  own  hemp  nets  for  this  purpose. 
The  porpoises  were  captured  with  these  nets  and  the  oil  obtained  from  the 
blubber  was  used  in  whale-oil  lamps.  More  than  2,000  porpoises  were 
caught  with  nets  by  the  fishermen  in  1885.  The  catch  varies  from  year  to 
year  according  to  weather  conditions,  and  the  average  annual  catch  is  about 
500.  Opportunity  was  afforded  to  observe  the  actions  of  porpoises  surrounded 
by  nets  and  to  test  out  their  reactions  to  water-conveyed  sounds. 

(3)  The  available  evidence  on  the  geological  history  of  the  cetaceans  has 
been  critically  studied  with  the  view  of  publishing  an  illustrated  summary  of 
what  is  actually  known  concerning  the  evolution  and  adaptation  of  these 
pelagic  mammals.  The  investigation  has  concerned  itself  not  only  with 
osteological  adaptations,  but  also  those  that  have  affected  hearing,  sight  and 
smell  of  whales.  In  course  of  this  study,  attention  has  been  directed  to  the 
unusual  scarcity  of  cetacean  remains  from  the  Oligocene  period.  Late  Eocene 
and  early  Miocene  cetaceans  show  that  the  Oligocene  was  a  critical  period  in 
the  history  of  this  group  of  mammals.  Practically  all  of  the  fossil  cetaceans 
in  American  institutions  have  been  restudied  in  the  course  of  this  investiga- 
tion. 

Several  papers  have  been  issued  during  the  year  and  will  be  found  listed 
in  the  Bibliography  of  this  year.     The  following  papers  are  in  preparation : 

The  Evolutionary  History  of  the  Whale.    For  Quarterly  Review  of  Biology. 

On  the  Morphology  of  the  Cetacean  Periotic  Bone.  For  Carnegie  Institu- 
tion of  Washington. 

The  Pelagic  Mammalian  Fauna  of  the  Temblor  Miocene  Formation  near 
Bakersfield,  California. 

White,  David,     National  Academy  of  Sciences,  Washington,  D.  C.     Study  of 
the  fossil  floras  in  the  Grand  Canyon,  Arizona. 

With  the  object  of  determining  the  age  of  the  beds  and  of  gaining  knowledge 
of  the  plant  life  history  in  this  part  of  the  continent  during  Palaeozoic  and 
earlier  times,  a  search  for  palseobotanical  material  in  the  Grand  Canyon  sec- 
tion was  made  during  four  weeks  in  1926  and  1927.  Remains  of  land  plants 
were  collected  in  1926  from  the  lower  part  of  the  Hermit  shale  in  the  Hermit 
basin,  the  cove  below  El  Tovar  Hotel,  and  the  slope  above  the  "Esplanade" 
in  the  vicinity  of  the  Yaqui  Trail.  No  fossils  except  obscure  algal  impressions 
and  calcareous  nodules,  probably  but  not  definitely  of  algal  origin,  have  been 
found  in  the  middle  or  upper  portions  of  the  Hermit  shale.  Early  in  June 
1927,  small  additional  collections  were  made  in  the  vicinity  of  Redtop  on  the 
Hermit  Trail,  from  the  old  locality  near  Bright  Angel  Trail,  and,  in  particular, 
from  the  outcrop  immediately  to  the  west  of  the  Yaqui  Trail,  where  a  small 
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quarry  was  opened  in  order,  if  possible,  to  expose  layers  of  hard  rock  contain- 
ing unweathered  plant  impressions.  Remains  of  algse  were  found  in  the  mid- 
dle and  lower  portions  of  the  Supai  red  beds,  the  Red  Wall  limestone  and  the 
pre-Cambrian  Unkar  group.  The  work  of  1927  was  connected  with  the  devel- 
opment of  palseontological  exhibits  in  situ  at  points  visible  from  the  observa- 
tion station,  to  be  located  on  Yavapai  Point. 

HERMIT  SHALE  PLANTS 

The  Hermit  shale  lies  immediately  beneath  the  Coconino  sandstone  and 
embraces  about  290  feet  of  the  uppermost  portion  of  the  great  series  of  red 
beds  of  the  Grand  Canyon  section.  The  formation  consists  predominantly 
of  more  or  less  fine-grained  sand,  some  of  which  is  of  the  dimension  of  silt. 
Most  of  it  is  described  as  sandy  shale,  but  though  thin-bedded  and  shaly  in 
aspect,  it  is  essentially  a  sandstone.  The  Hermit  sediments  themselves  were 
probably  derived  from  the  same  sources  as  the  sand  of  the  Supai.  The  sand 
grains,  only  partly  rounded,  are  covered  with  thin  films  of  red  oxide  of  iron. 
With  them  are  occasional  particles  of  magnetite.  The  sand  is  more  or  less 
cemented  with  lime,  which  does  not,  however,  make  up  more  than  one-third 
of  the  rock  volume.  Sandstone  ledges  are  rare,  except  in  the  lowest  portion 
of  the  formation. 

The  basal  part  of  the  Hermit  shale  was  laid  down  by  running  water  in  old 
erosion  channels  having  the  aspect  of  arroyos,  generally  not  over  60  feet  deep, 
that  had  been  cut  in  the  thick  brownish-red  sandstone  series  forming  the 
"Esplanade,"  which  contours  the  Canyon  walls.  The  later  deposits  were 
spread  over  a  great  floodplain.  These  red  sands  are  slightly  less  brown  than 
the  underlying  Supai. 

As  might  be  expected,  the  plant  fragments,  deposited  in  water-rippled 
sands,  are  very  rare  and  generally  very  poorly  preserved,  being  damaged  by 
tumbling  and  abrasion.  In  many  cases  the  debris  was  badly  wilted  or  par- 
tially decayed  before  burial.  In  some  instances  it  evidently  was  partly  un- 
covered after  burial  so  that  the  exposed  portions  suffered  nearly  complete 
decomposition  before  reburial.  Occasionally,  however,  there  were  rapid 
inwashes  of  sand,  forming  unstratified,  thin,  lenticular  deposits  which  envel- 
oped some  of  the  indrifted  plant  debris  and,  more  rarely,  plants  growing  in 
situ. 

The  runoff  of  the  country  is  shown  to  have  been  intermittent,  if  not  actually 
seasonal.  Following  freshets  or  rains,  the  water  level  was  lowered,  often  with 
the  aid  of  evaporation,  leaving  the  banks  and  the  ripple-marked  bottoms  of 
quiescent  areas  or  pools  covered  with  very  fine-grained,  slightly  argillaceous 
and  ferriferous  mud  slimes.  Occasional  plant  fragments  were  embedded  in 
these  thin  slime  layers,  in  which  cases,  unless  they  were  macerated  before 
burial,  the  preservation  of  small  portions  of  the  plants  is  excellent.  These 
slime  surfaces  also  retain  extraordinarily  perfect  footprints  of  primitive 
amphibians  and  reptiles  that  were  climbing  up  out  of  the  water  before  the 
slimy  muds,  freshly  exposed  to  the  air,  had  dried  and  even  baked  in  the  Sun. 
Suncracking  of  the  silts  at  different  levels  is  widespread,  and  sometimes  on  a 
large  scale. 

Two  insect  wings,  one  showy,  about  4  inches  in  length,  the  other  near  1.5 
inches,  were  found. 
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Most  of  the  fossil  plants  came  from  the  shales  and  thin  irregular  sandstones 
laid  down  in  the  erosion  channels,  though  some  fragments,  generally  very- 
poorly  preserved,  are  found  in  the  ripple-bedded  shaly  sands  and  thin  sand- 
stones less  than  30  feet  above  the  level  of  the  top  of  the  old  "Esplanade" 
surface.  These  appear  to  have  drifted  out  on  an  old  floodplain  or  delta  of  red 
sand  of  great  extent. 

The  plants  found  in  the  lower  part  of  the  Hermit  represent  a  terrestrial 
flora.  Though  vegetable  remains  are  numerous  in  some  places,  the  flora  is 
very  meager  as  to  variety.  It  is  remarkable  for  the  apparent  absence  not 
only  of  all  Pennsylvanian  species,  but  of  a  number  of  Pennsylvanian  genera 
which  are  ordinarily  found  in  deposits  of  lower  Permian  age.  No  repre- 
sentatives of  the  Calamarise  or  of  the  genera  Neuropteris,  Pecopteris,  Odon- 
topteris  and  Cordaites  have  yet  been  found  in  the  Hermit.  No  fossil  woods 
have  been  discovered.  The  flora  is  mainly  composed  of  Callipterids  and 
closely  related  types,  Walchias,  Tseniopterids  and  Sphenophyllum.  Several 
of  the  species,  including  those  of  Walchia,  are  identical  with  European  forms, 
but  some  of  the  Callipterids  are  very  closely  related  to  Uralian  types,  while 
the  single  species  of  Sphenophyllum  represents  a  group  known  only  from 
western  Siberia.  Most  of  the  plants  have  not  previously  been  known.  In  all, 
about  20  species  have  been  recognized  and  are  being  described  and  illustrated 
for  formal  publication. 

Nearly  all  of  the  fernlike  plants  (mostly  Cycadofilices)  have  broad  thick 
leaves,  little  dissected.  Some  are  rather  distinctly  xerophytic  in  aspect. 
None  of  the  fronds  was  very  large  and  none  of  the  observed  impressions  or 
casts  of  stems  or  trunks  exceeds  a  diameter  of  6  centimeters,  though  it  would 
seem  that  the  Walchias  should  have  been  much  larger.  All  of  the  plants  may 
have  been  growing  along  or  near  the  banks  of  streams  or  ponds  of  perhaps 
periodic  existence.  The  Sphenophyllum  was  aquatic  and  is  frequently  found 
partly  buried  in  place  of  growth. 

The  Hermit  flora  finds  its  nearest  relations  in  the  upper  part  of  the  lower 
Permian  of  the  Old  World  and  in  the  Wellington  formation  of  Kansas.  Un- 
questionably it  is  Permian,  and  it  probably  represents  a  stage  not  far  below 
the  middle  Permian.  The  study  of  the  plants  and  the  environing  deposits 
appears  to  warrant  the  following  conclusions: 

(1)  The  red  sand  walls  of  the  old  drainage,  cut  in  the  "Esplanade,"  were  still 
unconsolidated  when  the  earliest  Hermit  sediments  were  laid  down,  from 
which  it  may  be  tentatively  inferred  that  the  period  of  erosion  preceding 
Hermit  deposition  was  short — an  interpretation  that  implies  a  probable 
Permian  age  for  the  upper  part,  at  least,  of  the  Supai  formation. 

(2)  All  the  beds,  consisting  mainly  of  sand,  were  water-laid,  the  sediments 
being  apparently  derived  from  the  same  source  as  those  of  the  Supai,  that 
source  being  thought  to  be  to  the  northeast. 

(3)  Rainfall  was  periodic,  the  climate  being  almost  certainly  marked  by  dry 
seasons  during  which  the  water  level  was  greatly  reduced  and  to  withstand 
which  the  plants  were  adapted.  Only  such  a  climate  would  appear  to  account 
for  the  absence  of  Pennsylvanian  and  some  Permian  genera  or  species  common 
in  regions  of  greater  or  more  evenly  distributed  rainfall.  Periods  of  evapora- 
tion and  prolonged  exposure  to  the  sun  are  further  indicated  by  the  color  of 
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the  sands,  the  frequency  and  the  sometimes  large  size  of  mudcracks,  and  the 
generally  total  oxidation  and  disappearance  of  the  organic  matter  composing 
both  plants  and  animals.  Hardly  a  trace  of  carbonaceous  residue  is  seen. 
No  trunks  were  preserved. 

(4)  Temperatures,  at  least  relatively  mild,  are  indicated  by  the  "laterite" 
red  of  the  sands. 

(5)  Failure  as  yet  to  find  Catamites  or  its  near  relatives,  which  flourished 
on  wet  sandy  soils,  not  only  accords  with  the  conclusion  as  to  periodic  or 
occasional  drying  out  of  most  of  the  channels,  but  points  also  toward  high 
porosity  and  drainage  of  the  subsoil.  Unfavorable  conditions  for  germination 
are  indicated. 

(6)  Evenness  of  bedding  and  the  presence  of  nodular  calcareous  aggregates, 
probably  of  algal  origin,  in  the  middle  and  upper  portions  of  the  Hermit,  are 
interpreted  as  pointing  to  deposition  of  the  sediments  in  water,  though  no 
identifiable  fossils  have  yet  been  found  in  this  part  of  the  formation. 

(7)  Large  irregular  fissures,  filled  with  quartzite  and  inclusions,  that  extend 
taperingly  down,  sometimes  as  far  as  25  feet  or  more,  into  the  top  of  the 
Hermit,  which  is  highly  silty,  seem  to  be  explained  only  as  shrinkage  cracks 
resulting  from  prolonged  exposure  of  water-filled  deposits  to  a  hot  sun. 

PLANTS  IN  THE  SUPAI 

Rather  obscure  impressions  of  algse  were  observed  in  the  upper  and  middle 
portions  of  the  Supai,  in  1926.  Further  search,  in  1927,  revealed  the  presence 
also  of  nodular  or  irregularly  elongated  segregations  of  lime,  evidently  depos- 
ited in  connection  with  algal  growth  and  still  retaining  distinct  remains  of  the 
alga  forms  and  structure.  These  deposits,  found  in  shales  both  above  and 
below  the  heavy  sandstone  ledge  which  carries  vertebrate  footprints  in  the 
middle  of  the  formation,  and  above  the  next  higher  ledge,  have  not  yet  been 
studied.     They  are  probably  fresh-water  types. 

PLANTS  IN  THE  PRE-CAMBRIAN 

Attention  was  in  June  1927  given  to  the  possible  presence  of  the  remains  of 
life  in  the  pre-Cambrian,  Unkar  group,  which  underlies  the  Chuar  group,  also 
pre-Cambrian,  and  which  is  incompletely  represented  in  the  downfaulted 
blocks  seen  in  the  vicinity  of  the  mouth  of  Bright  Angel  Creek.  The  search 
was  promptly  rewarded  by  the  discovery  of  unquestionable  alga  reefs  in  the 
upper  portion  of  the  Bass  limestone.  Several  types  of  alga  are  represented, 
including  one  or  more  that  seem  to  have  played  a  part  in  the  segregation  of 
iron,  which  is  irregularly  distributed  but  abundant  in  certain  layers.  Some 
features  of  the  reefs  strongly  suggest  forms  included  in  the  genus  Cryptozoon. 

The  very  interesting  and  significant  material  discovered  in  June  has,  on 
account  of  pressure  of  other  duties,  been  studied  only  so  far  as  to  demonstrate 
definite  though  generally  obscure  and  fragmentary  traces  of  the  algae  them- 
selves, thus  proving  the  presence  of  plant  life  in  the  Unkar,  and  a  biological 
role  in  the  deposition  of  part,  at  least,  of  the  calcareous  rock. 

Certain  traces  suggestive  of  animal  origin  require  confirmation. 
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Wieland,  G.  R.,  Yale  University,  New  Haven,  Connecticut.  Associate  in 
Palaeontology.  (For  previous  reports  see  Year  Books  Nos.  2-4,  6-9, 
11-25.) 

The  report  of  last  year  noted  (1)  the  general  status  of  cycadeoid  investiga- 
tion, (2)  chief  characters  of  the  Dresden  Raumeria  as  then  sectioned  for  the 
features  of  preliminary  interest,  (3)  position  of  the  older  cycadeoids,  so  called, 
with  reference  to  angiosperm  ancestry.  Several  subsidiary  topics  were 
mentioned.  During  the  current  year  those  three  main  lines  alone  have  had 
attention. 

(1)  Investigation  of  the  petrified  cycadeoids  has  been  pursued  in  both 
laboratory  and  field.  The  greater  cycad  localities  of  Dakota  and  Wyoming 
have  all  been  reexamined.  New  though  not  novel  material  has  been  col- 
lected. Especially  the  occurrence  of  the  petrified  forests  associated  with  the 
cycads  has  been  renoted  with  care  in  both  the  Como  and  the  Lakota. 

Other  authorities  had  recently  stated  that  the  main  occurrence  of  cycads  in 
the  Black  Hills  is  in  the  Fuson,  that  is  near  the  close  of  Lower  Cretaceous  time. 
There  is  no  obvious  reason  why  the  cycads  may  not  occur  in  association  with 
the  petrified  forests  so  conspicuous  and  widespread  in  the  lower  half  of  the 
Fuson;  but  not  a  single  undoubted  instance  of  such  an  occurrence  in  the  Black 
Hills  Cretaceous  Rim  can  be  cited.  It  should  be  admitted  that  the  absolute 
tie-ups  in  the  measurements  of  the  beds  concerned  still  lack  finality.  Equiva- 
lence in  freshwater  series  of  sandstones,  shales  and  conglomerates  like  those 
composing  the  lower  Cretaceous  of  the  Black  Hills  "Rim"  is  troublesome  to 
determine  for  the  given  locality,  because  in  addition  to  variation  in  the  areal 
progress  and  phases  of  sedimentation,  few  of  the  type  sections  can  be  measured 
bed  by  bed  from  the  marine  Jura  to  the  Dakota  cap  in  the  time  available  to 
the  field  workers.  Yet,  though  much  remains  to  be  learned  of  the  extent  of 
cycad  occurrence  in  the  Como  and  Lakota,  the  age  of  the  main  localities  is  not 
in  doubt  and  is  not  dependent  on  material  no  longer  in  position.  The  facts 
require  brief  outline. 

That  Cycadeoidea  darioni  occurs  in  the  Como  is  believed  probable  and  the 
more  likely  from  the  finding  of  a  much  younger  stem  of  this  species  in  close 
relation  to  the  Como.  However,  Como  cycads  certainly  occur  on  the  north- 
west side  of  the  Black  Hills;  and  at  the  great  locality  in  the  Freeze  Outs  they 
are  seen  in  situ,  directly  associated  with  petrified  forests  and  the  sauropod 
dinosaurs  of  closing  Jurassic  time.  This  view  of  the  position  of  the  Como 
seems  more  justifiable  than  ever,  depending  somewhat  on  which  is  weightier — 
stratigraphic  evidence  or  new  animal  and  plant  types.  Such  critical  com- 
parisons as  have  appeared  tend  to  show  that  if  the  European  alignment  of 
land  reptilians  holds  for  North  America  too,  the  Unkpapa  and  Como  are 
Jurassic,  though  extending  to  the  very  last  confines  of  that  age. 

Then,  the  lower  Cretaceous  succeeds  as  a  series  of  sandstones  and  shales 
laid  down  near  sea-level  likewise,  with  one  nonmarine,  nonfossiliferous  lime- 
stone interpolation,  the  "Minnewaste"  (seen  at  Buffalo  Gap,  South  Dakota). 
These  rocks,  aggregating  occasionally  600  feet  thick,  are  divided  into  the 
Lakota,  Minnewaste  and  Fuson.  The  Upper  Cretaceous  then  begins  with  the 
prominent  Rim  capping,  often  quartzitic,  the  Dakota,  after  which  directly 
follow  the  2,600  feet  of  sediments  laid  down  in  the  Benton,  Niobrara  and 
Pierre  seas. 
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In  this  greater  alignment,  the  upper  cycad  horizon  of  the  Black  Hills  is 
definitely  placed  in  the  lower  Lakota.  Darton  says,  in  effect,  and  correctly, 
that  on  the  north  side  of  Red  Canon  (but  two  miles  from  the  Cycad  Monu- 
ment mesa)  the  basal  Lakota  consists  in  massive  cross-bedded  sandstones 
lying  on  a  few  feet  of  carbonaceous  shales  with  some  coal,  and  overlain  by  a 
30-foot  deposit  of  massive,  greenish  shale,  which  resembles  the  Como  in 
appearance  and  grades  laterally  into  buff  sandstone.  Now,  this  same  shale 
bed  resembling  the  Como,  carrying  small  turtles  of  undetermined  species  and 
sparingly  the  bones  of  dinosaurs,  traverses  the  base  of  the  Monument  mesa; 
and  from  soft  to  laminated  sandstone  immediately  capping  it,  I  secured  three 
of  the  finest  branched  cycads.  There,  within  the  first  few  feet  of  soft  sandstone 
covering  the  shale  bed  is  where  the  cycads  occur.  Moreover,  scarcely  a  mile 
to  the  east,  the  recent  grading  of  the  Atlantic- Yellowstone-Pacific  (AYP) 
highway  has  brought  the  shale  bed  and  its  contacts  above  and  below  into 
complete  view.  Above,  facing  the  Chilson  Canon,  follows  the  main  mass  of 
Lakota  sandstone,  the  Fuson  with  its  petrified  forests  in  full  evidence,  and  the 
Dakota  quartzite.  As  Darton  noted,  there  is  tilting  along  the  Chilson  Canon 
which  gives  the  Lakota  the  appearance  of  being  quite  500  feet  thick.  But 
the  actual  thickness  may  be  much  less,  with  the  cycads  resting  about  150 
feet  above  the  Como.  Nothing  else  could  yield  such  graphic  results  as 
adequate  excavation  at  the  Monument  mesa. 

There  has  been  some  tendency  to  lay  an  undue  emphasis  on  the  cycads  as 
horizon  markers.  But  a  certain  fallacy  arises  in  the  use  of  these  extra- 
ordinary, precariously  fossilized  plants  in  even  local  chronology.  Their  very 
multiplicity  of  preserved  features  renders  finality  in  specific  determination 
exceedingly  difficult  where  groups  of  specimens  are  present.  So  far  the  splendid 
assemblage  of  branched  types  from  the  Cycad  Monument  mesa  appears 
unique  for  all  geologic  time,  but  branching  had  begun  in  the  Como,  and 
branching  is  still  seen  in  cycads  of  both  hemispheres.  Furthermore,  the  col- 
umnar monocarpic  species  may  even  form  a  closed  group  meriting  generic 
distinction.  Yet  they  begin  with  Cycadeoidea  dartoni  (probably  from  the 
Como),  and  were  widespread  and  persistent,  last  appearing  in  the  Niobrara 
chalk  of  Western  Kansas.  Curiously  enough,  not  one  of  these  specimens  has 
been  noted  in  situ,  whether  from  Maryland,  Colorado,  California,  or  the  foot 
hills  of  the  Apennines.  The  most  recent  find  by  E.  B.  Branson  is  from 
northern  New  Mexico,  and  promises  extreme  interest. 

(2)  Raumeria,  the  celebrated  Dresden  specimen  from  the  Galician  Car- 
pathians may  yet  be  traced  to  its  horizon.  For  the  first  time  in  175  years,  an 
additional  trunk  was  discovered  in  1925.  Nine  finely  cut  thin-sections  from 
this  new  cycad  were  recently  submitted  for  suggestions  in  their  description, 
by  the  Department  of  Botany  of  the  University  of  Cracow.  The  specimen 
appears  to  be  a  new  Cycadeoidea,  rather  than  a  Raumeria,  and  a  large  section 
from  Cycadeoidea  painei  was  returned  along  with  the  sections  from  the  new 
type,  in  order  that  comparison  might  be  sure. 

Completer  sectioning  of  the  type  wedge  of  Raumeria  shows  the  presence  of 
sixteen  fruit  axes  instead  of  eleven  as  first  counted.  Of  these  axes  six  are  old 
peduncles,  one  is  the  long-known  flowerbud,  one  other  has  just  shed  its  disk, 
six  are  cones  about  to  grow  forward  after  disk  dehiscence,  and  several  are 
young.    The  inner  bracts  of  the  flowers  are  of  sepaloid  to  petaloid  character. 
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The  stem  grew  to  full  size  before  fruiting  at  all.  Three  floral  seasons  are  in- 
dicated. There  was  first  scant  flowering,  then  the  main  growth  of  flowers, 
which  would  have  been  followed  by  the  later  scant  flowering  had  not  fossiliza- 
tion  intervened. 

Raumeria  was  thus  not  monocarpic,  and  the  time  required  for  flower 
maturation  overlapped  two  seasons  as  in  the  magnolias.  Following  spring 
flowering  there  must  have  been  slow  seed-cone  growth  through  a  long  summer 
season,  with  development  of  the  large  new  flowerbuds  that  rested  over  the 
Winter  and  blossomed  the  succeeding  Spring.  That  the  tendency  was  to 
bloom  in  the  Spring  before  any  new  fronds  appeared,  with  some  late  season 
flowering,  best  explains  all  the  facts.  And  this  is  exactly  paralleled  by 
Magnolia  soulangeana  which  in  this  latitude,  after  several  wet  seasons,  blooms 
freely  a  second  time  as  late  as  July-August,  mostly  away  from  the  sun.  The 
late  flowers  are  the  more  variant,  and  the  plant  in  a  sense  behaves  like  two 
different  species  in  the  same  season. 

Another  ecologic  feature  seen  true  to  life  in  this  noteworthy  fossil  is  that  of 
dependence  on  light  and  space  relations  in  flower  growth.  The  plant  grown  to 
maturity,  the  first  series  of  flowers  roughly  marks  out  the  spirals  along  which 
later  flowering  occurs.  The  solid  armor  once  thrust  aside  in  fruiting,  the  later 
flowers  appear  near  to  where  tension  has  been  relaxed. 

In  a  textbook  of  recent  date  the  statement  is  made  that  "whether  mono- 
carpy  is  true  of  all  the  Cycadeoideae  or  indeed  of  any  of  them  is  not  and  can 
not  positively  be  settled."  It  is  merely  the  limits  of  this  monocarpy  that 
remain  to  determine.  The  monocarpic  habitus  in  plants  longer  lived  than 
annuals  or  biennials  is  not  an  absolute  unvarying  condition,  and  was 
certainly  subject  to  some  variation  in  the  array  of  monocarpic  cycadeoids 
which  is  slowly  reaching  imposing  proportions.  Attention  to  the  facts  already 
published  should  make  it  apparent  that  more  has  been  learned  of  flower  and 
fruit  production  in  the  Como  and  Lakota  cycads  than  yet  remains  to  discover, 
with  slight  likelihood  that  any  of  the  essential  details  are  undiscoverable. 

(3)  That  the  Williamsoniella-Wielandiella  group  of  Rhaetic-Jurassic  time 
must  be  far  closer  to  the  early  magnolias  than  to  the  specialized  cycadeoids 
appears  more  certain  than  ever.  This  viewpoint  is  mentioned  again  because 
of  the  bearing  on  the  question  of  which  may  be  the  horizons  in  which  critical 
discovery  bearing  on  the  origin  of  the  angiosperms  may  be  awaited. 

One  negative  result  should  be  recorded.  Over  twenty-five  years  ago  I 
collected  a  new  Nilssonia  near  Sturgis,  South  Dakota,  later  described  as  N. 
nigracollensis  from  the  lowermost  Lakota.  As  this  fossil  must  mark  a  most 
significant  imprint  horizon,  the  attempt  has  just  been  made  to  refind  the 
locality.  This  failed.  It  is,  however,  held  certain  that  the  fossil  is  either  as 
old  as  reported  or  older,  the  species  having  been  since  reported  from  the  Como 
near  Ten  Sleep,  Wyoming.  At  the  upper  boundary  of  the  Unkpapa,  lami- 
nated sandstones  at  Sturgis  bear  many  imperfectly  preserved  imprints,  some 
of  which  are  seen  to  be  ferns.  The  importance  of  finding  through  more 
systematic  search  representative  imprint  floras  of  early  to  closing  Como  time 
can  not  be  overestimated. 
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Bar  us,  Carl,  Brown  University,  Providence,  Rhode  Island.  Continuation  of 
investigations  in  applied  interferometry.  (For  previous  reports  see  Year 
Books  4,  5,  7  to  25.) 

Carl  Barus  has  supplemented  the  experiments  with  slender  air  columns  of 
the  preceding  part  of  his  Report  on  acoustic  pressures,  by  adding  correlative 
work  with  more  massive  air  columns.  Horns,  cylindrical  pipes,  etc.,  are 
taken  up  in  succession  and  their  behavior  in  stimulating  electric  oscillation  in 
the  energizing  circuit,  or  of  being  stimulated  by  it,  is  treated  specifically. 

Two  methods  of  varying  the  pitch  of  telephones  used  in  activating  the 
organ  pipes  are  contrasted :  the  motor  break  giving  the  pitch  directly,  and  the 
spring  break  with  an  oscillating  electric  circuit  giving  pitch  indirectly.  The 
results  of  the  two  procedures  vary  more  widely  than  would  be  anticipated. 
In  the  latter  case  the  graphs  frequently  consist  of  linear  elements. 

An  interesting  development  is  given  by  the  behavior  of  pinholes  pricked  in  a 
plate  of  mica  as  thin  as  possible.  This  is  shown  to  have  totally  different 
properties  in  relation  to  acoustic  pressure  on  its  two  sides  and  suggests  that 
the  excess  of  flow,  alternating  across  and  through  the  pinhole  walls,  is  into 
the  region  of  excess  vorticity. 

A  number  of  incidental  experiments  such  as  the  modification  of  the  inter- 
ferometer U-tube,  etc.,  was  undertaken.  Among  these  the  series  of  measure- 
ments begun  on  the  pressure  behavior  of  the  electric  wind  is  promising.  This 
is  driven  from  a  highly  charged  point  upon  an  opposed  electrode  connected 
with  the  U-gauge.  The  cathode  and  the  anode  are  each  found  to  be  associ- 
ated with  limiting  critical  surfaces  confronting  each  other,  parallel  to  and 
about  0.5  mm.  from  the  electrodes.  If  the  needle  point  lie  within  this  surface, 
it  is  inactive.  If  it  lie  without,  a  convection  current  is  produced,  the  intensity 
of  which  increases  with  great  rapidity  as  the  needle  protrudes  less.  A 
cuspidal  maximum  thus  occurs  just  as  the  needle  is  about  to  retire  within 
the  surface.  The  current  phenomena  recall  the  distribution  of  potential 
gradient  in  the  vacuum  tube. 

The  full  Report  has  since  been  submitted  to  the  Institution. 

Folse,  J.  A.,  Northwestern  University,  Evanston,  Illinois.  Preparation  of 
reports  on  investigations  of  the  laws  of  evaporation  and  stream-flow,  initiated 
by  the  late  John  F.  Hayford.  (For  previous  reports  see  Year  Books  Nos. 
12-16,  19-24.) 

This  report  covers  the  period  from  the  latter  part  of  1924  to  June  30,  1927. 
There  was  no  work  done  on  this  research  from  December  1924,  at  which  time 
Dr.  John  F.  Hayford,  who  was  directing  the  investigation,  was  stricken  with 
apoplexy  which  resulted  in  his  death  in  March  1925,  until  June  1926,  when  the 
work  was  resumed  primarily  with  the  object  of  rounding  out  in  good  form 
for  publication  the  work  already  accomplished  by  Dr.  Hayford. 
HDuring  the  latter  part  of  1924,  the  two  28-months'  least-square  solutions, 
one  on  each  of  Lakes  Michigan-Huron  and  Superior,  as  mentioned  in  Year 
Book  No.  22,  were  completed  These  solutions  had  for  their  object  the 
simultaneous  determination  of  the  laws  of  evaporation  from  the  lake  surface, 
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and  of  the  runoff  into  the  lake  from  its  adjacent  drainage  area.  The  knowl- 
edge gained  from  these  two  long,  least-square  solutions,  of  the  run-off  into  the 
lake,  is  briefly  stated  in  the  following  paragraph. 

Consider  Lake  Michigan-Huron.  The  elevation  of  the  mean  surface  of  the 
whole  lake  is  determined  for  any  day  by  correcting  the  observed  elevations 
at  the  Milwaukee,  Harbor  Beach  and  Mackinaw  gages  for  wind  and  baro- 
metric effects,  by  methods  developed  earlier  in  this  investigation.  The  eleva- 
tion of  the  mean  surface  of  the  whole  lake  is  raised  by  rainfall  directly  on  the 
lake  surface  (I2),  by  inflow  from  Lake  Superior  (I3),  and  by  run-off  into  the  lake 

from  the  land  drainage  area  adjacent  to  the  lake  (Ic+riRi+r2R2  H ) .    The 

elevation  is  lowered  by  natural  evaporation  from  the  lake  surface  (Ew) ,  and  by 
outflow  to  Lake  St.  Clair  (I4).  Assume  that  all  five  of  the  influences  stated, 
which  cause  the  mean  elevation  of  the  whole  lake  surface  to  rise  or  fall  from  day 
to  day,  have  been  evaluated  except  the  run-off  into  the  lake  (IcH-riRi+r2R2-f- 

) .    The  four  evaluated  influences  (I2)  ,(13),  (I4)  and  (Ew) ,  may  be  applied  to 

the  mean  elevation  of  the  whole  lake  surface,  as  determined  from  the  gage  read- 
ings corrected  for  wind  and  barometric  effects,  in  such  wise,  i.  e.,  with  such  signs, 
as  to  leave  a  fluctuation  in  the  mean  elevation  of  the  whole  lake  surface  from 
day  to  day  due  to  run-off  alone.  This  fluctuation  from  day  to  day  may  be 
expressed  as  a  function  of  the  change  in  storage  in  the  ground  in  the  land 
drainage  area  adjacent  to  the  lake  from  day  to  day.  This  change  in  ground 
storage  (ri)  or  change  in  ground-water  level,  on  any  day,  is  equal  to  the  (ob- 
served rainfall  on  land)  —  (estimated  evaporation  from  land)  —  (estimated 
run-off  from  land)  on  that  day;  that  is,  it  is  equal  to  the  total  addition  to  the 
ground  storage  on  that  day  minus  the  total  subtraction  therefrom.  Space 
will  not  permit  stating  here  how  the  last  two  parenthetical  quantities  were 
estimated.  The  full  detailed  exposition  of  this  is  now  being  prepared  for 
publication. 

If  the  proper  picture  is  presented  in  the  preceding  statements,  it  should  be 
clear  that  when  the  ground-water  level  is  at  its  average  elevation,  the  run-off 
into  the  lake  is  (Ic),  a  constant  quantity.  Under  such  conditions,  the  un- 
eliminated  fluctuation  in  elevation  of  the  whole  lake-surface  due  to  run-off  is 
zero.  During,  or  directly  after  a  rain,  the  ground-water  level  is  raised  above 
its  average  elevation  and  the  constant  part  of  the  run-off  into  the  lake  (Ic) 

is  increased  by  a  variable  part,  -t-riRi+r2R2+r3R3H ,  in  which  ri  is  the 

change  in  storage  in  the  ground  on  the  current  day,  r2  the  change  in  storage  on 
the  preceding  day,  r3  the  change  in  storage  on  the  day  before  the  preceding 
day,  and  so  on;  and  Ri,  R2,  R3  are  physical  constants  determined  from  the 
estimated  values  of  the  r's  and  from  the  fluctuations  due  to  run-off  alone. 
After  a  long  period  of  drouth,  the  ground-water  level  is  depressed  below  its 
average  elevation  and  the  constant  part  of  the  run-off  into  the  lake  (Ic)  is 

decreased  by   a  variable   part,    —  riRi  —  r2R2  —  r3R3 .     The   knowledge 

gained  from  the  two  long,  28-months',  least-square  solutions,  one  on  each  of 
Lakes  Superior  and  Michigan-Huron,  is  that,  while  it  is  known  that  there  is  a 
fluctuation  in  the  ground-water  level,  the  influence  of  the  fluctuations  above 
and  below  the  average  level  upon  the  mean  elevation  of  the  whole  lake  surface 
can  not  be  detected  from  the  available  observations.     In  other  words,  the 

variable  part  of  the  run-off,  H-riRx-f  r2R2+r3R3H can  not  be  evaluated, 

because  the  physical  constants  Ri,  R2,  R3, can  not  be  determined  from  the 
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observations.  Having  obtained  this  definite  and  somewhat  discouraging 
knowledge,  the  run-off  into  the  lake  was  perforce  assumed  to  be  constant  at 
(Ic),  and  7  more  least  square  solutions  were  made,  each  containing  28-months 
of  daily  observations,  for  the  purpose  of  fixing  the  laws  of  evaporation.  Of 
these,  4  pertained  to  Lake  Michigan-Huron  and  3  pertained  to  Lake  Superior. 
The  results  from  the  2  final  solutions,  one  on  each  lake,  were  adopted  as  the 
best  obtainable  in  this  investigation.  The  evaporation  formula  so  determined  is 

Ew  =  0.319e+1.49e      (—-2.6  1    ,  in  which 
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e  is  the  mean  difference  for  the  lake  between  (1)  the  saturation  vapor-pressure  corre- 
sponding to  the  mean  air  temperature  for  the  day  for  which  the  evaporation  is 
wanted,  and  (2)  the  actual,  observed  mean  vapor  pressure  for  the  lake  for  that  day. 
The  unit  in  which  e  is  expressed  is  0.01  inch  of  mercury. 

W  is  the  average  travel  of  the  wind,  in  miles  per  24-hours,  over  the  whole  lake  surface 
for  the  day  for  which  the  evaporation  is  wanted,  the  mean  being  taken  without  any 
regard  to  the  direction  of  the  wind. 

Ew  is  the  total  evaporation  from  the  lake  surface  for  the  day,  expressed  in  units  of  0 .01 
inch. 
The    second    term    of    the   right-hand    member   of    the   above   equation,    1.49e 

I   I  —  —  9  fill,  enters  only  for  winds  greater  than   2G0  miles  per  day,  or  10. S 
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miles  per  hour;  that  is,  only  plus  values  of  that  term  are  used. 

The  probable  errors  of  the  two  constants,  0.319  and  1.49,  derived  rigorously 
from  the  normal  equations  and  residuals  in  the  least-square  solutions,  are, 
respectively,   ±0.037  and   ±0.150. 

The  quantities  e  and  w,  used  in  deriving  the  above  equation,  were  obtained 
from  meteorological  observations  as  ordinarily  made  by  the  regular  U.  S. 
Weather  Bureau  stations  surrounding  the  Great  Lakes,  hence,  in  using  the 
formula  to  evaluate  the  evaporation  in  any  locality  it  is  understood  that 
observations  similarly  made  are  to  be  substituted  therein.  This  applies  with 
special  reference  to  the  wind  velocity,  w,  which  is  ordinarily  observed  at  an 
elevation  of  approximately  100  feet  above  the  ground  surface  and  is  not  the 
wind  velocity  at  or  very  near  the  ground  or  water  surface. 

The  above  formula  enables  one  to  evaluate  the  daily  natural  evaporation 
from  any  free,  open  surface  of  water,  such  as  the  surface  of  a  lake,  bay,  gulf, 
reservoir  or  river  anywhere  in  the  United  States  from  observations  taken  at 
the  regular  U.  S.  Weather  Bureau  stations.  The  formula  is  applicable  on  any 
surface  of  water  anywhere  in  the  world  where  observations  of  the  necessary 
weather  elements  are  made  as  at  the  regular  U.  S.  Weather  Bureau  stations. 

In  Publication  No.  317  (pages  108-113)  is  discussed  the  accuracy  with 
which  it  became  possible  to  estimate  the  elevation  of  the  mean  surface  of  the 
Great  Lakes  by  applying  the  corrections  for  wind  and  barometric  effects  to 
the  observed  elevations  at  the  gages.  It  is  now  established  that  if  the  evapor- 
ation from  Lake  Michigan-Huron  is  taken  into  account  by  the  above  formula, 
in  addition  to  wind  and  barometric  effects,  the  elevation  of  the  mean  surface 
of  the  whole  lake  may  be  determined  for  any  day  from  readings  on  the  three 
gages,  Harbor  Beach,  Mackinaw  and  Milwaukee,  with  a  probable  error  of 
only  ±0.010  foot.  This  is  less  than  f-inch.  The  importance  of  this  addi- 
tional gain  in  accuracy  in  connection  with  two  outstanding  problems  related 
to  the  Great  Lakes  should  be  evident.     The  two  problems  are :  that  of  regulat- 
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ing  the  surfaces  of  the  Great  Lakes  by  movable  dams  in  their  connecting 
channels  so  as  to  obtain  the  greatest  aggregate  benefits  to  navigation,  sanita- 
tion and  power;  and  of  determining  the  rate  of  tilting  of  the  Great  Lakes 
region,  as  a  supplementary  determination  to  that  of  the  eminent  geologist 
G.  K.  Gilbert,  who  did  not  use  the  corrections  now  available. 

By  a  slight  modification  of  the  formula  it  becomes  possible  to  evaluate  the 
evaporation,  including  the  water  taken  up  by  the  vegetation,  from  any  land 
surface  anywhere  to  which  the  formula  is  applicable,  as  stated  in  the  second 
preceding  paragraph. 

Using  the  above  evaporation  formula  as  basis,  modified  as  noted  in  the 
preceding  paragraph,  work  was  begun  toward  attaining  the  ultimate  object 
of  this  investigation,  which,  as  stated  in  the  original  application  for  the  grant 
under  which  the  investigation  is  being  made,  "is  to  obtain  a  much  better 
formulation  than  the  engineering  profession  now  has  of  the  laws  governing 
the  amount  of  the  stream-flow."  For  this  purpose  the  observations  taken  by 
the  U.  S.  Weather  Bureau  and  the  Forest  Service  on  two  small  streams  known 
as  Stream  A  and  Stream  B,  at  Wagon  Wheel  Gap,  Colorado,  were  used. 

At  the  time  this  investigation  was  interrupted  in  1924  by  the  illness  of  Dr. 
Hayford,  the  evaporation  laws  had  been  formulated  and,  in  addition,  consider- 
able progress  had  been  made  upon  these  two  streams.  The  studies  on  Stream 
A  had  been  practically  completed,  and  on  Stream  B  they  were  well  under 
way. 

Since  the  investigation  was  resumed  in  June  1926,  the  general  studies  on 
Stream  B  have  been  carried  forward  to  the  same  state  of  completeness  in 
which  Stream  A  was  left  by  Dr.  Hayford.  In  addition,  studies  on  both 
streams  were  made  with  the  object  of  deriving  the  laws  of  freezing  and  melt- 
ing with  greater  accuracy  than  they  had  been  derived  by  December  1924. 
The  total  labor  involved  in  the  two  preceding  sentences  is  represented  by  41 
least-square  solutions,  in  seven  months — from  July  1926  to  January  1927. 
The  remainder  of  the  calendar  year  ending  June  30,  1927,  has  been  spent  in 
preparing  for  publication  the  results  of  this  investigation  of  the  laws  of  evapor- 
ation and  stream-flow. 

The  results  achieved  in  the  stream-flow  part  of  this  investigation  may  be 
briefly  characterized  as  follows:  general  formulae  have  been  derived,  which 
enable  one  to  calculate — with  a  fair  degree  of  accuracy — the  daily  flow  of  a 
stream  from  the  observed  weather  elements  of  air  temperature,  wind  velocity, 
vapor-pressure  and  precipitation  on  its  watershed.  These  general  formulas 
are,  at  present,  limited  in  their  applicability  to  streams  in  the  eastern  two- 
thirds  of  the  United  States,  where  the  annual  precipitation  is  20  inches  or 
more. 

Specific  formulae  for  the  two  streams,  Stream  A  and  Stream  B,  Wagon 
Wheel  Gap,  Colorado,  have  been  derived  from  three  years  of  parallel  observa- 
tions of  stream-flow  and  the  meteorological  elements.  The  formulae  so  derived 
were  then  used  to  compute  the  daily  stream  flow  from  the  observed  mete- 
orological elements  for  a  period  of  two  years  on  each  stream,  following  the 
three  years  of  observation  used  in  deriving  the  formulae.  A  comparison  of 
the  observed  stream-flow  of  Streams  A  and  B  with  that  computed  from  the 
meteorological  elements  observed  on  their  watersheds  indicates  that  the 
computed  daily  flow  agrees  with  the  observed  flow  within  20  per  cent  on  about 
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2/3  of  the  days.  The  computed  monthly  flow,  computed  by  totaling  the 
daily  flows,  for  months  not  affected  by  heavy  precipitation  or  melting  of 
snow,  agrees  with  the  total  observed  monthly  flow  for  these  months  within 
20  per  cent  on  over  70  per  cent  of  the  months.  For  months  affected  by  rapid 
snow-melting,  such  as  the  spring  months,  the  agreement  is  poorer,  being  with- 
in 20  per  cent  on  only  35  per  cent  of  such  months.  The  computed  annual 
stream-flow  agrees  with  the  observed  annual  aggregate  stream-flow  with  an 
average  error  of  17  per  cent  for  Stream  A  and  15  per  cent  for  Stream  B.  The 
accuracy  stated  does  not  represent  the  best  that  can  be  done  by  the  methods 
developed  in  this  investigation.  The  figures  are  taken  from  the  computa- 
tions representing  various  stages  in  the  evolution  of  the  theory.  If  the  theory 
as  finally  evolved,  together  with  the  best  technique  developed,  were  used, 
the  accuracy  stated  could  be  increased.  For  example  it  appears  that  annual 
aggregate  stream-flow  may  be  computed  from  the  weather  elements  observed 
on  its  watershed  with  an  average  error  of  less  than  10  per  cent  on  most  of  the 
years. 

The  relation  of  the  new  knowledge  of  evaporation  and  stream-flow  to  cer- 
tain outstanding  problems  has  become  evident.  These  problems  are:  (1) 
The  problems  of  regulating  the  Great  Lakes,  and  determining  the  rate  of 
tilting  of  the  Great  Lakes'  region  (already  mentioned);  (2),  the  problem  of 
estimating  the  evaporation  from  other,  large,  open  surfaces  of  water,  such  as 
the  surfaces  of  reservoirs,  lakes  and  rivers,  in  the  design  of  controlling  works 
for  power,  irrigation,  navigation  and  sanitation;  (3)  the  problem  of  increasing 
the  length  of  record  of  flow  of  a  stream — the  hydrograph — as  a  basis  for 
greater  accuracy  in  the  design  of  works  for  power,  irrigation,  sanitation  and 
navigation;  (4)  the  problem  of  forecasting  the  flow  of  a  stream  as  a  basis  for 
(a)  increasing  the  economy  of  operation  of  hydro-electric  plants,  and  (b) 
issuing  accurate  flood  warnings  to  regions  subject  to  innundation  by  floods 
after  heavy  rains  or  rapid  spring  thaws;  and  (5)  the  problem  of  determining 
the  effect  of  forest  cover  on  the  run-off  from  watersheds. 

Millikan,  R.  A.,  Norman  Bridge  Laboratory  of  Physics,  Pasadena,  California. 
Research  Associate  in  Physics.  (For  previous  reports  see  Year  Books 
Nos.  22-25.) 

The  research  program  of  the  Norman  Bridge  Laboratory  of  Physics  has 
been  mainly  concerned  from  its  inception  with  problems  upon  "atomic 
structure  and  the  nature  of  radiation,"  the  specific  subjects  indicated  by  the 
Carnegie  Corporation  of  New  York  in  providing  grants  to  the  Carnegie 
Institution  for  support  of  the  work  of  this  Laboratory.  All  of  the  researches 
which  have  been  published  from  the  Laboratory  in  this  broad  field  between 
the  dates  July  1,  1926,  and  June  30, 1927,  have  been  made  possible  because  of 
the  Corporation's  assistance,  and  they  have  all  been  actually  supported  in 
part  by  its  funds. 

The  number  of  major  papers  (all  abstracts  being  excluded)  in  this  field  from 
the  Laboratory  in  1925-26  was  44.  In  the  period  covered  by  the  present 
report  it  has  risen  to  58.  The  titles  of  these  58  papers  are  listed  below,  and 
the  full  references  to  them  are  given,  since  it  is  only  through  a  study  of  these 
references  that  any  adequate  idea  of  even  the  important  results  of  this  work 
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can  be  obtained.     The  following  condensed  statement,  however,  will  serve  to 
indicate  at  least  the  categories  in  which  the  researches  may  be  grouped. 

(1)  The  new  wave  mechanics,  one  of  the  most  interesting  developments  of 
the  century,  has  been  very  actively  studied  in  the  group  of  papers  published 
below  under  the  names  of  Bateman,  Epstein,  Eckart,  Zwicky. 

(2)  A  considerable  number  of  contributions  to  the  recent  extraordinary 
increase  in  our  knowledge  of  the  fundamentals  of  spectroscopy  are  made  in 
the  papers  contributed  by  Birchby,  Bowen,  Epstein,  Houston,  Ingram, 
Langer,  Millikan  and  Zanstra. 

(3)  The  field  of  photoelectric  and  thermionic  emission  has  been  notably 
advanced  this  year  in  the  papers  listed  below  under  the  names  of  Brewer, 
Dunn,  Warner  and  Wise. 

(4)  The  ether-drift  experiments  listed  below  under  the  names  of  Kennedy 
and  Chase  represent  the  most  exact,  the  most  illuminating  and  probably  the 
most  decisive  contributions  to  this  field  which  have  been  made  since  the 
original  work  of  Michelson  and  Morley. 

(5)  The  subjoined  series  of  papers  on  cosmic  rays  by  Bowen,  Cameron  and 
Millikan  has  furnished  the  most  unambiguous  evidence  thus  far  obtained  for 
the  existence  of  rays  of  cosmic  origin,  and  has  added  very  greatly  to  our 
knowledge  of  the  characteristics  of  these  radiations. 

(6)  The  study  of  isotopes,  and  with  it  the  structure  of  the  nucleus,  has 
been  given  a  very  large  impetus  and  a  wholly  new  meaning  through  the  devel- 
opment, reported  in  the  important  paper  by  Smythe,  of  a  method  of  extreme 
precision  for  the  study  of  the  mass  of  the  nucleus. 

(7)  The  electrostatic  and  magnetic  properties  of  gas  molecules  have  had 
new  and  important  light  thrown  upon  them  in  the  studies  reported  by  Daily, 
Hammar,  Loughridge,  Mott-Smith  and  Simon. 

(8)  The  properties  of  free  electrons  have  been  the  subject  of  important 
papers  listed  below  under  the  names  of  Mott-Smith,  Tolman  and  Zwicky. 

(9)  Important  contributions  to  the  design  of  new  instruments  for  the  study 
of  the  structure  of  the  atom  have  been  made  in  the  papers  reported  by 
Badger,  Mackeown  and  Simon. 

(1)  Transfer  of  energy  from  electrons  to  atoms.     F.  Zwicky,  Proc.  Nat.  Acad.  Sci.,  vol. 
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Nichols,  E.  L.,  Cornell  University,  Ithaca,  New  York.     Report  on  studies  in 
luminescence.     (For  previous  reports  see  Year  Books  Nos.  4-25.) 

Transformation  Spectra 

The  further  studies  of  the  bands  appearing  in  the  spectra  of  the  radiation 
from  incandescent  beads,1  mentioned  in  last  year's  report2,  have  been  com- 
pleted. Professor  Howes  and  Miss  Slattery 3  to  whom  we  are  indebted  for 
this  investigation  find  in  confirmation  of  the  earlier  work  that  in  beads 
which  contain  traces  of  a  rare  earth  such  as  neodymium,  erbium,  samarium, 
europium,  terbium  or  thulium  double  fluxes  reduce  the  visible  background 
and  cause  the  bands  to  be  more  persistently  sustained  during  the  range  of 
transformation.  Under  these  conditions  more  leisurely  and  therefore  more 
accurate  settings  could  be  made.  In  conformity  with  the  principle  of  essential 
identity  it  was  found  that  the  location  of  the  bands  was  characteristic  of  the 
activating  element  and  independent  of  the  fluxes  employed. 

1  Nichols  and  Howes  and  Wilber,  Journal  Opt.  Soc.  Amer.,  vol.  XIV,  p.  205  (1927). 

2  Carnegie  Year  Book  (1925-26,  p.  413). 

3  Howes  and  Slattery,  Journal  Opt.  Soc.  Amer.,  vol.  XV,  p.  17  (1927). 
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Confirmation  in  this  case  is  particularly  desirable  because  of  the  new  and 
wholly  unexpected  character  of  these  transformation  spectra.  We  have  in 
this  work  an  important  step  in  the  establishment  of  the  presence  in  glowing 
oxides  of  a  type  of  luminescence  intimately  related  to  and  probably  in  every 
respect  identical  with  the  well-known  luminescence  of  solids  at  ordinary 
temperatures. 

For  the  study  of  this  relationship  the  rare  earths  are  peculiarly  favorable. 

Luminescence  of  Glowing  Fluorspar 

It  has  been  shown  by  Miss  Wick  *  that  when  fluorspars  containing  rare 
earths  are  subjected  to  heat-treatment  and  then  cooled,  the  bands  in  the  spec- 
trum of  their  cathodo-luminescence  acquire  a  narrow  line-like  character  which 
greatly  facilitates  the  recognition  of  the  earths  to  which  the  activation  is  due. 

Dr.  Boardman  has  photographed  the  spectrum  of  these  fluorspars  when 
excited  to  luminescence  by  cathodo-luminesce  and  also  the  spectrum  of  an 
oxy-hydrogen  flame  into  which  the  same  fluorspar  in  a  fine  powder  was  con- 
tinuously introduced.  These  photographs,  several  of  each  sort  to  eliminate 
fortuitous  disturbances,  were  mapped  by  the  method  of  R.  M.  Fisher2  and 
the  records  were  compared. 

Boardman  finds  in  the  flame  spectra,  in  addition  to  the  usual  lines  and 
bands  due  to  calcium,  numerous  bands  coinciding  with  the  bands  in  his 
photographs  of  the  cathodo-luminescence.  By  reference  to  Urbain's  data 
Boardman  assigns  these  to  the  following  elements: 

Terbium  29  bands  Praesodymium  8  bands 

Samarium  22  bands  Erbium  8  bands 

Neodymium  16  bands  Dysprosium  7  bands 
Europium  10  bands 

We  have  in  these  observations  an  even  more  striking  proof  of  an  intimate 
relation  between  cathodo-luminescence  and  cando-luminescence  than  that 
afforded  by  the  study  of  transformation  spectra. 

Appearance  of  Structure  in  the  Spectra  of  Incandescent  Metals 
(a  tentative  explanation) 

In  testing  out  the  device  for  the  photographic  mapping  of  spectra  (the 
photo-electric  densimeter)  photographs  of  the  spectrum  of  the  light  from 
incandescent  metals  revealed  a  structure  very  similar  in  appearance  to  what 
we  were  finding  in  the  spectra  of  incandescent  oxides.  To  ascertain  if  possible 
the  significance  of  this  unexpected  result  Dr.  Boardman  made  sixteen  photo- 
graphs of  the  spectrum  of  a  tungsten  filament  in  a  nitrogen-filled  quartz  bulb. 
Visually  the  photographs  showed  what  appeared  to  be  a  perfectly  continuous 
spectrum  without  bands  or  lines.  Rejecting  the  few  crests  upon  the  graphs 
which  did  not  recur  consistently  and  which  might  be  regarded  as  accidental, 
88  bands  remained.  Of  these  more  than  70  coincided  within  two  angstrom 
units  with  thoria  bands  in  Eder  and  Valenta's  table  of  the  arc  spectrum,  and 
of  the  remainder  all  but  two  might  reasonably  be  assigned  to  oxides  of  tung- 
sten or  of  dysprosium.    The  positive  identification  of  such  bands  in  the  many 

1  Wick,  Physical  Review  (2),  vol.  XXIV,  p.  272  (1925). 

2  Carnegie  Year  Book  (1925-26,  p.  412). 
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banded  spectra  of  these  substances  is  a  matter  of  considerable  difficulty  but 
this  experiment  suggests,  at  least,  a  plausible  explanation  of  the  occurrence  of 
submerged  bands  superimposed  upon  the  continuous  spectrum  of  incandes- 
cent metals.  It  is  more  reasonable  to  suppose  that  traces  of  various  oxides 
upon  the  surface  of  the  metal  glow  selectively  and  are  the  source  of  the  bands 
detected  in  the  graphs  than  to  assume  that  the  continuous  spectrum  itself 
possesses  a  structure  of  numerous  overlapping  bands  similar  to  the  structure 
of  luminescence  spectra.  Further  and  more  detailed  studies  will  be  necessary 
to  decide  the  question. 

Structure   of   Cando-Luminescence   Spectra,   with   Special    Reference    to    the 
Regions  near  the  Stronger  Lines  of  the  Element 

Our  photographic  records  of  the  spectra  of  certain  oxides  in  the  oxy-hydrogen 
flame  appear  to  indicate  that  the  components  near  a  strong  metallic  line,  such 
as  Mg  2852.  +  ,  are  grouped  symmetrically  on  either  side  of  the  line  and  this 
phenomenon,  which  may  have  an  important  bearing  upon  origin  and  location 
of  the  constant  frequency  sets  in  luminescence  spectra  is  being  investigated 
by  Dr.  Howes  and  the  writer. 

New  Studies  of  the  Conditions  of  Activation 

That  the  luminescence  of  solids  is  due  in  most  instances  to  the  presence  of 
activating  units  isolated  from  one  another  by  considerable  quantities  of  the 
solid  solvent  in  which  they  are  suspended  is  well  established.  Where  uranium 
is  the  activating  element,  we  have  on  the  one  hand  brilliant  luminescence 
produced  by  introducing  minute  quantities  of  the  activator  into  a  flux  such 
as  sodium  fluoride  and  on  the  other  we  have  the  luminescence  of  the  uranyl 
salts  where  the  presence  of  a  solid  diluent  does  not  occur.  To  determine  if 
possible  whether  the  activating  unit,  of  which  the  element  uranium  forms  a 
part,  is  the  same  in  these  two  types  of  luminescence,  Miss  Slattery  is  in- 
vestigating numerous  fluxes  in  which  uranium  is  active  and  proposes,  by 
observation  of  the  luminescence  spectrum  at  the  temperature  of  liquid  air, 
to  ascertain  the  relation  of  the  bands  to  those  in  the  spectra  of  various  uranyl 
salts.  It  is  thought  that  such  comparisons  will  afford  data  bearing  upon  the 
question  of  the  composition  of  the  activating  unit. 

Further  Experiments  on  Thermo-Luminescence 

Miss  Wick  and  Miss  Slattery  are  extending  their  studies  of  the  production 
of  thermo-luminescence  by  previous  exposure  to  X  rays.  They  had  shown  in 
experiments  on  calcites  and  fluorspars  1  and  subsequently  on  various  syn- 
thetically prepared  materials  2  that  such  an  effect  occurs  and  in  the  present 
work  they  are  using  calcium  sulphate  as  a  solvent  under  varied  conditions 
with  many  novel  and  striking  results. 

1  Wick,  Jour.  Optical  Soc.  Am.,  vol.  XIV,  p.  33. 

2  Wick  and  Slattery,  Jour.  Optical  Soc.  Amer.,  vol.  XIV,  p.  125. 
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Committee  on  Study  of  Physical  Features  of  Surface  of  Moon.     Progress 
Report  for  the  period  October  1925  to  June  1927. 

This  committee,  although  appointed  nearly  two  years  ago,  has  not  yet 
seriously  considered  its  main  task,  namely,  the  origin  of  the  surface  features 
of  the  Moon.  Before  that  problem  can  be  approached,  answers  must  be  had 
to  the  two  questions:  "What  are  the  materials  that  we  see  exposed  at  the 
Moon's  surface?"  and  "What  is  the  physical  and  chemical  behavior  of  these 
materials  under  lunar  surface  conditions?"  Having  obtained  answers  to 
these  questions,  we  may  proceed  to  speculate  regarding  the  genesis  of  the 
craters  and  other  lunar  features. 

Unfortunately  we  can  not  visit  the  moon  and  learn  at  first  hand  about  its 
rocks  and  their  environment.  The  best  we  can  do  is  to  study  the  reflected 
Sun's  rays  (moonbeams)  and  to  ascertain  the  effects  that  the  surface  rocks  of 
the  Moon  have  on  the  Sun's  rays  (sunbeams)  on  reflection;  by  comparing 
these  effects  with  those  produced  on  reflection  by  terrestrial  materials,  we 
may  be  able  to  form  an  idea  of  the  composition  of  the  surface  materials  of 
the  Moon.  The  effects  produced  on  reflection  are  of  two  kinds :  (1)  Changes 
in  the  relative  intensities  of  light  of  different  wave-lengths  from  the  infra  red 
into  the  ultra  violet;  also  changes  in  the  total  amount  of  light  reflected  at 
different  angles  of  incidence.  (2)  Degree  of  polarization  of  the  reflected  rays 
for  different  angles  between  incident  and  reflected  rays. 

The  Committee  has  studied  thus  far  in  detail  only  the  polarization  phe- 
nomena in  the  Moon's  rays.  For  this  purpose  a  special  polarization  photom- 
eter has  been  devised  in  which  the  Moon  is  imaged  directly  in  the  photometric 
field.  A  long  series  of  measurements  made  on  the  Moon  and  on  terrestrial 
rocks  and  other  materials  proves  that  at  no  time  does  the  polarization  in  the 
Moon's  rays  exceed  15  to  25  per  cent,  whereas  in  light  reflected  by  basic  and 
dark  rocks,  such  as  basalts,  serpentines,  etc.,  the  polarization  may  exceed  90 
or  95  per  cent;  in  light  reflected  by  pumices,  quartz  porphyries,  powders  of 
transparent  substances,  and  possibly  trachytes  and  granites,  the  polarization 
is  approximately  equal  in  amount  to  that  measured  on  the  Moon.  These 
results  indicate  clearly  that  at  the  surface  of  the  Moon  no  dark  rocks,  low  in 
silica,  nor  iron,  nor  obsidians  are  exposed  in  appreciable  amounts;  but  light- 
colored  rocks,  high  in  silica,  and  powders  of  transparent  substances  are  pos- 
sible; in  fact  any  rock  may  be  present  in  which  internal  reflections  occur  and 
depolarize  the  reflected  light. 

Measurements  of  the  relative  intensities  of  reflected  light  from  the  infra  red 
through  the  visible  spectrum  into  the  ultra  violet  are  now  in  progress;  also 
measurements  of  the  total  intensity  of  visible  light  reflected  at  different  angles 
of  incidence. 
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In  addition  to  these  measurements  a  detailed  study  has  been  made  of 
certain  problems  in  exterior  ballistics  referred  to  lunar  surface  conditions. 
The  purpose  of  this  study  has  been  to  ascertain  the  behavior  of  projectiles  at 
the  surface  of  the  Moon  as  compared  with  similar  projectiles  at  the  surface  of 
the  Earth.  These  studies  indicate  that  for  the  same  muzzle  velocity  the 
ranges  of  projectiles  on  the  Moon  may  be  fifty-fold  the  terrestrial  ranges. 
They  show  clearly  how  carefully  the  geologist  must  proceed  in  his  study  of 
the  physical  features  of  the  surface  of  the  Moon,  if  his  conclusions  regarding 
the  physiography  of  the  Moon  are  to  be  valid.  To  acquire  the  attitude  of 
mind  essential  to  a  selenologist  competent  to  judge  of  the  mode  of  formation 
of  the  surface  features  of  the  Moon  is  a  difficult  task.  It  is  not  easy  to  dis- 
regard the  background  of  experience  we  have  gained  in  studying  and  inter- 
preting terrestrial  features  that  are  formed  under  conditions  so  different  from 
those  on  the  Moon. 

W.  S.  Adams 

J.  P.  BUWALDA 

A.  L.  Day 

P.  S.  Epstein 

F.  G.  Pease 

H.  N.  Russell 

F.  E.  Wright  (Charimari) 


SEISMOLOGY 

REPORT  OF  THE  ADVISORY  COMMITTEE 

(For  previous  reports  see  Year  Books  Nos.  20-25) 

The  report  of  the  Advisory  Committee  for  the  year  ending  June  30,  1927,  is 
necessarily  brief  in  content  and  transitional  in  character.  Development  work 
in  the  laboratory  has  been  more  or  less  interrupted  throughout  the  year  by 
the  confusion  of  dismantling  the  equipment  at  the  Mount  Wilson  Observatory 
and  removing  it  to  the  new  Seismological  Laboratory  provided  by  the  Cali- 
fornia Institute  of  Technology.  The  equipment  of  the  various  sub-stations 
about  Pasadena  and  the  adjustment  of  new  apparatus  therein  has  been  going 
on  throughout  the  year,  but  the  continuous  daily  record  of  tremors  is  still 
tentative  and  inadequate  because  of  the  lack  of  a  proper  minute-to-minute 
time  service  through  which  to  compare  them.  Progress  in  the  San  Francisco 
Bay  region,  which  has  been  greatly  stimulated  through  the  personal  efforts  of 
Mr.  Willis  of  this  Committee,  is  also  passing  through  similar  transitional 
operations,  and  Mr.  Willis  is  now  absent  on  a  journey  around  the  world  in  the 
interest  of  general  seismology.  However,  these  activities  are  in  themselves 
adequate  evidence  of  progress  even  though  we  must  wait  for  tangible  results 
from  them  until  the  next  and  following  years. 

FAULT  ZONE  GEOLOGY 

The  Committee  continues  to  be  indebted  to  the  U.  S.  Geological  Survey  for 
active  cooperation  in  the  detailed  study  of  the  fault  zones  of  southern  Cali- 
fornia. Dr.  Levi  F.  Noble,  whose  splendid  report  on  the  San  Andreas  Fault 
last  year  was  the  major  item  of  progress  reported  by  this  Committee,  is  con- 
tinuing his  studies  to  the  south  of  Cajon  Pass  in  the  same  thorough  manner  as 
heretofore.  A  further  report,  of  equal  interest  with  the  first,  may  therefore 
be  anticipated  from  Dr.  Noble  in  the  near  future.  Geological  studies  in  the 
interest  of  seismology  about  the  San  Francisco  Bay  region  have  been  more  or 
less  interrupted  because  of  the  absence  of  Mr.  Willis  in  the  Orient. 

TRIANGULATION  AND  PRECISE  LEVELING 

The  U.  S.  Coast  and  Geodetic  Survey  is  continuing  its  work  in  those  por- 
tions of  California  which  are  particularly  subject  to  earth  movements.  The 
system  of  triangulation  through  which  horizontal  displacements  may  be 
detected  is  now  nearly  completed,  following  the  lines  heretofore  described  in 
detail  in  these  reports.  It  is  our  belief  that  the  fault  zones  of  California  are 
now  adequately  covered  by  this  triangulation  net  and  that  slow  displacements 
or  local  disruption  can  be  accurately  located  through  these  fixed  points  and 
appropriate  local  measurements. 

During  the  past  winter  the  entire  triangulation  net  west  of  the  Mississippi 
River  has  been  subjected  to  a  careful  scrutiny  with  reference  to  the 
appropriate  distribution  of  closing  errors  in  areas  surveyed  at  different  times. 
When  this  readjustment  is  completed  it  is  believed  that  all  errors  in  the  loca- 
tion of  fixed  triangulation  points  will  be  reduced  to  a  minimum.  This  Com- 
mittee is  particularly  interested  in  this  readjustment  of  values  because  of 
considerable  displacements  discovered  in  the  zone  to  the  southwest  of  the 
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San  Andreas  rift  which  reach  their  maximum  in  the  vicinity  of  Santa  Barbara 
and  which  were  at  first  believed  to  indicate  strains  in  that  region  sufficient 
to  account  for  the  Santa  Barbara  earthquake  of  two  years  ago.  Control 
measurements  have  since  shown  this  conclusion  to  be  improbable.  These 
strains,  however  great  they  may  eventually  be  proved  to  be,  apparently  had 
nothing  to  do  with  this  earthquake.  It  appears  to  have  been  entirely  local 
and  no  displacement  due  to  it  which  reaches  to  the  main  fault  zone  has  been 
shown.  Until  these  adjusted  values  are  known,  however,  the  absolute  value 
of  the  displacements  detected  is  still  uncertain.  Of  the  progress  of  the 
recalculation  Major  C.  V.  Hodgson,  Acting  Chief  of  the  Division  of  Geodesy, 
reports  as  follows: 

"The adjustment  of  the  triangulation  reobserved  in  the  earthquake  region  of 
California  has  been  delayed  in  order  that  the  final  readjusted  values  in  the 
western  part  of  the  United  States  could  be  used  for  comparison.  The  read- 
justed positions  of  the  junction  stations  have  now  been  obtained  and  the  work 
of  adjusting  the  connecting  loop  is  now  in  progress.  No  comparison  between 
the  old  and  the  new  work  can  be  made  until  the  adjusted  values  throughout 
the  loop  have  been  obtained.  It  is  hoped  that  the  adjustments  may  be 
finished  in  the  course  of  two  months  and  then  the  two  lists  of  positions,  result- 
ing from  the  old  work  and  the  new,  will  be  prepared  for  comparison.  Dr. 
William  Bowie,  Chief  of  the  Division  of  Geodesy  of  the  U.  S.  Coast  and 
Geodetic  Survey,  expects  to  prepare  a  discussion  of  the  data  compared,  after 
his  return  from  the  meeting  of  the  International  Geodetic  and  Geophysical 
Union  to  be  held  in  Prague,  in  September  1927.  This  discussion  and  the 
conclusions  drawn  will  be  issued  in  a  publication  of  the  U.  S.  Coast  and 
Geodetic  Survey  and  it  should  appear  some  time  this  coming  winter," 

The  present  program  of  the  Coast  and  Geodetic  Survey  contemplates  a  net- 
work of  precise  levels  in  the  Southern  California  fault  zone  through  which 
vertical  positions  may  also  be  established  in  sufficient  number  to  permit  the 
ready  detection  of  vertical  movement  in  this  region.  Dr.  Noble's  report  of 
last  year  furnished  abundant  evidence  of  such  movements  throughout  the 
recent  geological  history  of  the  region.  Of  the  two-year  leveling  program  of 
the  Geodetic  Survey  in  Southern  California  about  half  is  finished;  the  north- 
ern region  about  Mount  Whitney  still  remains  to  be  completed  as  soon  as  the 
condition  of  the  mountain  trail  permits. 


PUBLICATIONS 

Continuing  the  administration  of  the  special  grant  of  $5,000  provided  by 
the  Carnegie  Corporation  of  New  York  in  aid  of  seismological  publication, 
eight  reports  of  current  seismologic  research,  including  Professor  Byerly's  full 
account  of  the  Montana  Earthquake  of  June  28,  1925,  have  been  published 
in  the  Bulletin  of  the  Seismological  Society  of  America  at  the  expense  of  the 
grant.  The  total  amount  expended  was  $1,301.75,  the  balance  remaining  on 
July  1,  1927,  is  $339.29. 
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LABORATORY  WORK* 

At  the  end  of  June  1926,  it  was  expected  that  the  new  Seismological  Labora- 
tory at  Pasadena  would  become  available  within  a  very  short  time.  Un- 
foreseen contingencies  led  to  one  delay  after  another,  so  that  authorization  to 
take  possession  of  the  building  and  enter  upon  fitting  it  up  was  not  given 
until  the  middle  of  December  1926.  These  delays,  coming  in  sequence, 
seriously  handicapped  the  work  of  experimentation  and  instrument  develop- 
ment which  had  reached  a  stage  where  good  progress  was  dependent  upon 
facilities  provided  for  in  the  new  quarters,  but  not  available  in  the  old.  And 
since  the  delays  came  unexpectedly,  one  after  another,  the  straight-forward 
work  of  earthquake  registration  was  affected  adversely,  since  from  week  to 
week  it  appeared  undesirable  to  initiate  new  routine  or  set  up  new  experi- 
mental apparatus  at  the  old  quarters,  about  to  be  vacated,  to  replace  experi- 
mental apparatus  which  had  been  discontinued  and  dismantled  there.  For 
several  months  registration  was  at  low  ebb.  Conduct  of  work  in  the  new  loca- 
tion was  begun  early  in  January  1927,  and  this  has  gone  on,  increasing  as 
facilities  permitted,  up  to  the  date  of  this  report.  Work  was  continued  in  the 
old  quarters  at  the  Mount  Wilson  Observatory  Office,  decreasing  in  amount  as 
the  facilities  at  the  new  building  became  available,  until  the  middle  of  April 
1927,  when  the  transfer  of  all  work  to  the  new  quarters  was  completed,  except 
for  some  experimental  registration  which  will  be  continued  at  the  Observatory 
Office  for  an  indefinite  time. 

The  new  Seismological  Laboratory  is  situated  a  little  over  a  mile  due  west 
of  the  business  center  of  Pasadena  from  which  it  is  separated  by  a  high  narrow 
ridge  of  weathered  granitic  rock,  east  of  which  is  the  wide  deep  channel  of  the 
Arroyo  Seco,  cut  in  the  coarse  unconsolidated  outwash  material  which  forms 
the  piedmont  slope  at  the  south  base  of  the  San  Gabriel  Mountains.  East  of 
this  channel  stands  a  relatively  narrow  fringe  of  residences  and  nondescript 
structures,  before  the  busy  center  is  reached.  North,  west  and  south  of  the 
Laboratory  is  residential  property  and  the  grounds  of  the  Annandale  Golf 
Club.  It  is  expected  that  the  station  will  be  reasonably  free  from  traffic  and 
town  disturbances. 

Six  seismometers  have  been  put  in  operation  at  the  Seismological  Labora- 
tory—3  short-period,  torsion-suspension,  local-earthquake  instruments  (in- 
cluding the  vertical-component) ;  2  long-period,  torsion-suspension,  horizontal- 
component  distant-earthquake  instruments;  and  a  compressed  flat-spring 
vertical-component  instrument  of  moderately  long  period  which  is  under  test 
in  an  early  experimental  stage.  However,  until  better  facilities  for  time- 
keeping and  time-marking  become  available  the  operation  of  these  instru- 
ments will  not  be  on  a  good  routine  basis.  Moreover,  in  addition  to  the 
absence  of  good  time-keeping,  instruments  of  this  character  require  consider- 
able time  for  settling  down  and  need  repeated  adjustments  before  they 
operate  in  a  quite  satisfactory  way.  This  period  has  not  wholly  elapsed  at 
this  date  of  writing. 

During  the  year  under  report  the  instrumental  and  auxiliary  equipment  has 
been  completed  and  installed,  except  for  vertical-component  seismometers, 
at  the  secondary  stations  at  La  Jolla,  Santa  Barbara  and  Riverside.  The 
instrumental  equipment  for  a  secondary  station  at  the  Observatory  on  Mount 
Wilson  is  now  in  an  advanced  stage  of  construction. 

The  work  of  equipping  the  station  at  Riverside  was  begun  in  August  1926. 
Unforeseen  needs  developed  and  some  time  was  required  to  supply  them. 

1  Extracted  from  the  Report  of  H.  O.  Wood,  Research  Associate  in  Seismology. 
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The  installation  and  preliminary  adjustment  were  completed  in  October  1926. 
Since  then  the  station  has  been  operating  satisfactorily,  except  for  time- 
keeping and  time-marking. 

It  may  be  remarked  in  passing  that,  utilizing  the  data  of  the  station  at 
Riverside  in  combination  with  the  data  of  the  instruments  at  Pasadena,  we 
already  have  been  able  in  one  instance  to  locate  the  origins  of  one  group  of 
small  shocks  upon  the  so-called  Whittier  fault,  in  good  agreement  with 
macroseismic  data  reported  verbally  and  in  the  press.  The  Whittier  fault  was 
not  previously  known  to  be  active,  though  this  had  been  strongly  suspected. 
Notwithstanding  this,  it  must  be  stated  that  the  study  of  the  Santa  Barbara 
group  of  shocks,  of  the  Imperial  Valley  group  which  occurred  in  January  1927, 
and,  in  fact,  of  this  Whittier  fault  group  as  well,  makes  it  clear  that  for  very 
■precise  location  of  shock-origins  the  formulas  heretofore  in  use  must  be  im- 
proved. It  is  too  early  to  make  a  definite  statement,  but  preliminary  studies 
indicate  that  the  hypothesis  in  regard  to  the  structure  of  the  earth  crust 
advanced  recently  by  Jeffreys  is  in  closer  accord  with  our  recent  instrumental 
findings  than  the  older  hypotheses  advanced  by  Wiechert  and  his  students, 
and  by  A.  Mohorovicic  and  his  son. 

Instruments  were  installed  at  the  new  secondary  station  at  Santa  Barbara 
during  April  1927.  This  was  done  very  soon  after  the  electric  wiring  of  the 
station  was  completed,  making  the  station  shelter  available  for  use.  This 
instrumental  equipment  has  not  yet  settled  down  into  good  routine  operation 
and  there  is  no  adequate  arrangement  for  keeping  and  marking  time  at  Santa 
Barbara. 

The  installation  of  instruments  in  the  room  provided  for  this  purpose  at 
The  Scripps  Institution  of  Oceanography  at  La  Jolla  was  undertaken  early 
in  May  1927.  The  room  set  aside  at  La  Jolla  for  seismometers  was  available 
in  one  sense  much  earlier  than  the  beginning  of  our  program  of  work,  and 
piers  designed  for  our  use  were  constructed  in  it  some  time  ago;  however, 
owing  to  the  size  and  shape  of  the  room  a  relatively  complex  pier  housing  was 
required  and  experience  had  to  be  gained  before  this  could  be  planned  intel- 
ligently. As  early  as  practicable  this  housing  was  designed  and  as  soon  as  it 
was  completed  and  the  electric  wiring  installed  the  instrumental  apparatus 
was  set  up.  This  apparatus  is  not  yet  in  good  operation  and  adequate  pro- 
vision for  the  keeping  and  marking  of  time  at  La  Jolla  has  not  been  made. 

Since  the  submission  of  our  last  report  the  establishment  of  a  secondary 
station  on  Mount  Wilson,  previously  discussed,  has  been  authorized  and  the 
shelter  constructed.  As  soon  as  the  instrumental  equipment  can  be  completed 
the  apparatus  will  be  installed  there.  This  station  also  will  be  defective  for  a 
time  in  respect  to  time  keeping  and  marking. 

As  previously  stated  in  these  reports — the  ideal  method  of  marking  time 
at  the  various  stations  of  the  network  is  to  have  all  marked  by  the  same 
identical  clock  by  wire  circuits,  or,  since  this  is  impracticable  on  account  of 
cost  and  not  perfect  in  practical  respects,  by  radio-time-signals  sent  out  once  a 
minute  and  received  and  marked  automatically  on  the  records  at  all  places. 
To  do  this  is  a  task  of  no  small  magnitude  and  it  is  not  certain  whether  it  can 
be  done  within  permissible  limits  of  cost.  Nevertheless,  it  is  pleasing  to  be 
able  to  report  that  considerable  progress  in  this  direction  has  been  made 
during  the  year  under  report.  This  will  be  followed  up  vigorously  in  the  en- 
suing months.  If,  however,  this  should  fail,  we  have  an  alternative  plan  for 
very  accurate  time-keeping  and  time-marking,  at  less  cost  than  usual  for  such 
service — timing  to  be  checked  at  each  station  several  times  a  day  by  radio 
time  signals  sent  out  from  Annapolis,  Mare  Island  and  other  stations. 
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Depending  to  some  extent  upon  the  solution  (permanent  or  temporary)  of 
the  time-keeping  and  time-marking  problem,  it  is  expected  confidently  that 
the  primary  station  at  Pasadena  and  the  four  secondary  stations  at  Riverside, 
Santa  Barbara,  La  Jolla  and  Mount  Wilson  will  be  in  satisfactory  operation 
within  a  comparatively  short  time. 

Relatively  brief  experience  with  a  very  short  period  torsion-suspension  verti- 
cal-component seismometer  indicates  that  this  is  a  fairly  satisfactory  instru- 
ment for  the  recording  of  local  earthquakes  which  are  not  vanishingly  feeble. 

Nevertheless  the  general  problem  of  the  vertical  component  seismometer, 
with  long  or  moderately  long  free  period,  bristles  with  difficulties.  Several 
methods  are  still  under  consideration  for  the  development  of  instruments 
with  longer  free  periods,  sensitive  to  the  weak  accelerations  of  teleseismic 
motion.  Dr.  J.  A.  Anderson  and  Dr.  Sinclair  Smith  have  experimented  with 
a  vacuum-suspension  device,  with  a  compressed  flat-spring  suspension  device 
(now  being  tested),  and  with  a  double-spring  suspension  device  which  will  be 
tested  later.  A  small  vertical-component  seismometer  constructed  at  the 
Geophysical  Laboratory  under  the  direction  of  Dr.  F.  E.  Wright  has  been 
given  careful  table  tests  which  show  that  it  will  require  temperature  control 
or  temperature  compensation  to  make  it  stable  enough  for  practical  use. 

After  repeated  attempts  a  low-pressure  capillary  nitrogen  glow  lamp  has 
been  developed  which  operates  with  more  than  sufficient  brilliancy  with 
relatively  low  power  consumption.  It  apparently  has  long  life.  If  inexpensive 
means  can  now  be  found  for  producing  and  suitably  controlling  interruptions 
in  current  we  will  obtain  thus  one  solution  for  a  seismometer  lamp  which  will 
write  a  line  of  intensely  exposed  dots,  overlapping  to  form  a  continuous  but 
not  greatly  overexposed  line  in  ordinary  running,  but  spaced  apart  at  short 
intervals  to  indicate  the  course  of  large  excursions  in  the  case  of  strong  dis- 
turbances of  the  seismometer. 

RECOMMENDATIONS 

It  is  recommended  that  provision  be  made : 

(1)  For  further  experimental  work  on  vertical-component  instruments  for 
the  stations  already  designated. 

(2)  For  the  further  study  of  minute-to-minute  time  signals  for  simultaneous 
record  at  all  of  the  stations. 

(3)  For  further  experimental  work  in  the  study  of  cumulative  stresses  (tilt 
mechanism) . 

(4)  For  two  additional  branch  stations  at  appropriate  points  to  be  selected. 

J.  A.  Anderson, 

Ralph  Arnold, 

J.  P.  Btjwalda, 

W.  W.  Campbell, 

Arthur  L.  Day  (Chairman), 

A.  C.  Lawson, 

R.  A.  MlLLIKAN, 

Harry  Fielding  Reid, 
Bailey  Willis, 

Advisory  Committee  in  Seismology. 
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Willis,  Bailey,    Stanford    University,    California.     Report    on    comparative 
seismology. 

The  grant  for  comparative  seismology,  authorized  by  the  Carnegie  Cor- 
poration of  New  York,  was  made  to  promote  investigation  of  the  conditions 
in  which  earthquakes  originate.  The  work  has  been  extended  to  a  number  of 
countries  where  earthquakes  are  frequent  and  to  the  comparison  of  dynamic 
conditions  in  different  regions. 

It  is  understood  that  we  distinguish  earthquakes  of  volcanic  origin  and 
earthquakes  of  tectonic  origin.  In  the  former  the  energy  which  produces 
the  shock  is  released  by  the  movement  of  molten  masses  or  by  explosions. 
In  the  latter  the  energy  is  stored  up  in  rocks  under  pressure  in  the  form  of 
elastic  strain  and  is  released  when  blocks  of  mountainous  dimensions  slip  past 
each  other.  From  these  known  facts  it  follows  that  the  investigation  of 
earthquakes  should  first  be  directed  to  determine  whether  they  are  of  volcanic 
or  tectonic  origin  in  any  given  region,  and  in  case  they  are  tectonic  to  ascertain 
in  what  manner  the  elastic  energy  is  stored  and  released.  Investigation  has 
shown  that  conditions  vary  markedly  in  different  countries  and  that  we  have 
to  deal  with  complex  mechanisms  which  involve  the  local  structures  of  the 
earth's  crust  and  the  forces  currently  active  in  them. 

Before  entering  upon  the  work  of  the  last  year  Mr.  Willis  had  investigated 
earthquake  conditions  in  California  and  in  Chile.  The  latter  work  was  also 
carried  out  under  a  grant  to  the  Institution  from  the  Carnegie  Corporation  of 
New  York  (see  Year  Book  No.  22,  page  368-369)  and  the  report  thereon  is 
now  in  press. 

In  the  investigations  of  the  past  year  under  the  present  grant  the  countries 
studied  have  been  Japan,  the  Philippines,  New  Zealand,  Cyprus  in  the  Medi- 
terranean and  Palestine.  A  summary  statement  of  the  results  in  each  country 
follows : 

Japan  was  the  scene  of  investigations  during  six  weeks  of  October  and 
November  1926.  The  cordial  cooperation  given  by  the  official  Geological 
Survey  of  Japan  and  by  individual  geologists  and  seismologists  greatly 
facilitated  the  work.  There  is  an  excellent  geological  map  of  Japan,  and 
earthquake  studies  have  been  carried  to  a  greater  degree  of  refinement  in 
that  country  than  in  any  other.  Many  of  the  minor  earthquakes  which  have 
shaken  Japan  have  been  traced  directly  to  volcanic  activity,  while  the  major 
shocks  are  reasonably  attributed  to  tectonic  movements  in  the  complex 
mosaic  of  the  islands.  Theoretically  the  association  of  tectonic  and  volcanic 
activities  is  such  as  to  indicate  that  the  initiative  may  lie  with  one  or  the 
other.  For  instance,  the  intrusion  of  liquid  lavas  or  a  local  volcanic  explosion 
may  disturb  the  equilibrium  of  masses  under  elastic  strain  and  so  release  the 
energy  of  a  tectonic  earthquake.  Or,  on  the  other  hand,  a  tectonic  shock 
may  so  change  the  conditions  of  equilibrium  in  a  volcanic  system  as  to  cause 
the  movement  of  lavas  or  the  occurrence  of  an  explosion.  Japan  is  one  of 
the  most  active  earthquake  countries  in  the  world  and  the  data  which  have 
been  accumulated  by  Japanese  observers  constitute  one  of  the  richest  sources 
of  knowledge  with  which  to  approach  these  problems. 

Among  the  results  secured  by  this  particular  investigation  is  a  tectonic 
map  of  Japan  in  which  Japanese  geologists  have  assembled  all  of  the  available 
information  bearing  upon  the  distribution  of  earthquakes  and  the  structural 
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characteristics  of  the  islands  in  which  they  originate.  Through  the  courtesy 
of  the  Japanese  officials  this  map  has  been  furnished  to  the  Carnegie  Institu- 
tion for  publication  in  connection  with  Mr.  Willis'  report. 

In  the  Philippines  the  Bureau  of  Science  took  a  very  active  interest  in 
proposed  investigations  of  seismological  conditions.  Through  the  interest  of 
the  Director,  W.  H.  Browne,  and  by  authority  of  Governor  General  Wood 
expeditions  into  the  less-known  regions  of  the  larger  islands  were  organized. 
The  plateau  country  of  northern  Luzon  was  visited  during  January  and  the 
mountain  region  of  eastern  Mindanao  was  explored  in  April,  the  expeditions 
being  timed  in  each  case  to  suit  the  weather  conditions.  Some  of  the  more 
accessible  islands  were  also  visited,  particularly  Cebu  and  the  volcanic  region 
of  southeastern  Luzon  known  as  the  Camarines.  There  are  many  analogies 
between  earthquake  conditions  in  Japan  and  those  in  the  Philippines.  The 
phenomena  in  the  latter  archipelego  are  complex,  as  they  are  in  the  former, 
and  the  study  of  the  one  will  be  helpful  in  solving  the  questions  to  be  met  in 
the  other.  In  the  Philippines,  however,  the  results  must  be  qualified  by  a 
larger  factor  of  uncertainty  because  the  geology  is  less  well  known  and  the 
platform  from  which  the  islands  rise  is  to  a  far  greater  extent  submerged 
beneath  the  level  of  the  sea.  Nevertheless  it  is  anticipated  that  it  will  be 
possible  to  draw  a  tectonic  map  for  the  Philippines  as  has  been  done  for 
Japan  and  to  indicate  the  principal  earthquake  lines. 

New  Zealand  belongs  to  the  active  border  zone  of  the  Pacific  Ocean  in 
which  Japan  and  the  Philippines  also  are  situated,  but  dynamic  developments 
as  evidenced  by  earthquakes  and  volcanos  are  apparently  less  intense. 
Cook's  Strait  and  the  vicinity  of  Wellington  are  the  scene  of  frequent  minor 
tremors,  which  are  probably  due  to  subsidence,  whereas  major  shocks, 
occurring  at  long  intervals,  may  reasonably  be  attributed  to  horizontal 
compression. 

The  New  Zealand  authorities,  especially  Mr.  P.  G.  Morgan,  Director  of 
the  Geological  Survey,  and  individual  geologists  cooperated  most  help- 
fully in  the  study  of  the  structural  geology  of  the  two  islands.  It  was  found 
that  certain  plateaus  are  being  raised  vertically  and  are  in  a  state  of  tension 
as  indicated  by  normal  faulting;  whereas  other  mountain  ranges  are  being 
displaced  horizontally  under  the  influence  of  pressure  exerted  from  the  Pacific 
Ocean  side.  This  association  of  vertical  and  horizontal  forces  acting  simul- 
taneously in  one  and  the  same  island  mass  had  not  been  anticipated.  In 
fact  there  is  a  controversy  among  geologists  as  to  whether  mountain  ranges 
are  raised  by  horizontal  pressure  or  by  forces  acting  in  a  vertical  direction. 
New  Zealand  appears  to  demonstrate  that  both  inferences  may  be  true, 
according  to  the  conditions  affecting  a  particular  region.  Among  the  impor- 
tant results  of  the  cooperative  relations  established  with  the  Geological 
Survey  of  New  Zealand  is  a  tectonic  map  of  the  islands  similar  in  character 
to  those  prepared  for  Japan  and  the  Philippines. 

The  work  in  New  Zealand  was  carried  out  in  the  interval  between  the  two 
expeditions  in  the  Philippines;  that  is  in  February  and  March  1927.  The 
expedition  in  Mindanao  which  was  begun  in  April,  closed  in  May  and  Mr. 
Willis  proceeded  via  Egypt  to  Cyprus. 

Cyprus  was  selected  for  investigation  as  a  locality  typical  of  the  eastern 
Mediterranean  and  the  Grecian  archipelego.     The  island  consists  of  two 
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mountain  groups  with  an  intermediate  plain.  Geologically  it  was  found  to 
be  of  extreme  interest  in  the  contrast  of  dynamic  conditions  offered  by  the 
mountains.  Mount  Troodos,  the  ancient  Olympus,  results  from  the  action 
of  vertical  forces  which  have  raised  a  mass  of  old  igneous  rocks  to  an  altitude 
of  6,000  feet.  The  Kyrania  range  which  stretches  along  the  northern  coast  is 
by  contrast  overthrust  by  horizontal  force  acting  from  the  iEgean  basin. 
Thus  Cyprus  offers  another  example  of  the  effects  of  vertical  and  horizontal 
forces  in  association  in  one  and  the  same  land  mass.  The  conclusions  have 
direct  bearing  upon  the  origin  and  distribution  of  earthquakes,  among  which 
we  may  include  the  great  shock  that  destroyed  the  city  of  Salamis. 

Palestine  was  selected  for  investigation  because  of  its  prolonged  earthquake 
history  and  because  of  the  very  great  interest  taken  by  geologists  in  the  geologic 
structure  connected  with  the  Dead  Sea  trough.  The  earthquakes  recorded 
in  the  Bible  carry  us  back  to  at  least  1800  B.  C.  and  severe  shocks  have  oc- 
curred on  an  average  of  about  once  in  a  hundred  years  during  our  era.  The 
ruins  of  Roman  temples,  of  churches,  and  of  crusaders'  castles  testify  to  their 
violence.  An  earthquake  occurred  on  July  11  and  Mr.  Willis  reached  Jerusa- 
lem on  July  12.  A  study  of  that  particular  shock  shed  important  light  upon 
the  structural  problems  and  guided  the  investigations.  It  was  found  that 
the  Dead  Sea  trough  is  not  the  dropped  keystone  of  a  great  arch,  as  many 
have  supposed,  but  is  a  depressed  zone  between  two  plateaus  that  have  been 
thrust  up  by  horizontal  pressure.  This  conclusion  has  a  bearing  upon  general 
geologic  studies  and  also  enables  us  to  understand  the  conditions  which  have 
governed  the  development  of  earthquakes  in  the  Holy  Land  and  Syria  during 
the  past  4,000  years.  It  is  important  to  note  that  those  conditions  still 
persist  and  that  earthquakes  of  similar  character  must  be  expected. 

The  scientific  results  of  the  journey  around  the  World  include  many  sub- 
sidiary observations,  some  of  which  bear  upon  the  major  purpose,  while 
others  are  incidental  to  it.  Not  least  among  the  consequences  of  the  trip  is 
the  establishment  of  cordial  cooperative  relations  with  geologists  of  the  several 
countries  named. 

In  the  course  of  this  trip  the  practical  application  of  seismological  studies 
has  not  been  forgotten.  It  may  be  regarded  as  established  beyond  controversy 
that  most  of  the  disastrous  effects  of  earthquake  shock  could  be  avoided  with- 
out excessive  cost  if  buildings  were  constructed  with  a  view  to  resisting 
earthquakes.  Municipal  officials,  investors  in  large  buildings,  insurance 
men  and  the  general  public  are  very  directly  interested.  This  interest  was 
manifested  in  Manila,  Wellington,  Auckland,  Jerusalem  and  Jaffa,  in  all  of 
which  cities  Mr.  Willis  was  invited  to  address  the  local  engineers  and  archi- 
tects upon  the  subject  of  "earthquake  resistant  construction."  He  also  had 
many  personal  conferences  on  the  subject  and  there  was  a  definite  expression 
of  purpose  in  the  cities  named  so  to  amend  the  building  regulations  as  to 
promote  the  safety  of  the  communities.  In  Palestine  the  representatives  of 
the  British  Government  manifested  great  interest  in  the  problem  of  building 
under  the  conditions  which  rule  in  the  Holy  Land  and  upon  request  of  the 
Acting  High  Commissioner  for  Palestine  Mr.  Willis  submitted  a  report 
embodying  suggestions  for  better  building,  based  upon  his  observations  of  the 
effects  of  the  recent  earthquake. 

Mr.  Willis  has  returned  to  Stanford  University  to  pursue  the  study  of  the 
material  gathered  during  the  year's  journey  and  to  prepare  reports  on  the 
several  countries  visited. 
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